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U.    S.   DePAHT^IENT   of    A(iRICT'LTrRE, 

l)IVl8IO^'  OF  VectETAele  Pathology, 

Washington.  7>.  (\,  June  .7,  ls94. 

SiK:  I  liave  the  lioiior  to  tiausiiiit  liorewitli  Rulletiu  Xo.  6,  of  this 
Division,  on  Bordeaux  mixture  as  a  fuugicide,  prepared  under  my  direc- 
tion by  my  former  assistant,  Mr.  D.  G.  Fairchild. 

Six  years  ago  the  Section  of  Vegetable  Pathology  jniblislied  a  circular 
on  fungicides.  Since  the  publication  of  this  circular  the  use  of  fungi- 
cides has  become  so  extensive  that  it  seemed  desirable  to  bring  together 
for  publication  in  a  bulletin  all  known  facts  on  the  subject,  and  to  this 
task  Mr.  Fairchild  gave  a  share  of  his  attention  for  two  years  or  more. 

It  was  the  original  intention  to  include  iu  the  l)ulletin  all  known 
chemical  preparations  tested  for  fungous  diseases  of  plants,  and  with 
this  end  in  view  a  somewhat  extensive  critical  bibliography,  was  pre- 
pared. Tlic  magnitude  of  preparing  such  a  bulletin  was  not  fully 
realized  until  an  attempt  was  made  to  arrange  and  summarize  the 
material  collected.  It  was  then  found  desirable  to  select  a  single 
fungicide  from  those  which  had  been  brought  into  prominence  and 
discuss  it  more  thoroughly  than  would  be  practicable  in  a  publication 
designed  to  include  a  large  number  of  such  i)reparations.  The  fungi- 
cide selected  was  Bordeaux  mixture,  (1)  because  it  is  now  used  more 
than  any  other,  and  (2)  because  there  can  be  no  question  that  it  exceeds 
all  others  in  cheapness,  efficacy,  and  harmlessness  to  both  animals  and 
l)lants.  The  bulletin  therefore  relates  in  the  main  to  Bordeaux  mix- 
ture, and,  aside  from  its  value  to  practical  commercial  horticulturists, 
Avill,  it  is  believed,  prove  of  interest  to  experiment  station  workers  and 
others  who  are  in  [)Osition  to  follow  up  some  of  the  lines  of  investigation 
suggested . 

Respectfully, 

B.  T.  (tALLOWAy, 

Chief  of  Division. 

Hon.  .1.  Steklinci  Morton. 

Secreiarif  of  Agriculture. 


,ETTER  OF  SliBMITTAL 


U.    S.    DEPART3IENT    OF    ACtRICULTUKE, 

Division  of  VectEtable  PATHOLOCiv, 

^Y((sh^ngf<m,  D.  C,  October  31,  1893. 

Sir:  The  bulletin  submitted  liere\Yitli  is  designed  to  show  the  pres- 
ent condition  of  onr  knowledge  of  Bordeaux  mixture,  to  indicate  those 
features  which  in  the  estimation  of  the  writer  require  further  exi)lana- 
tion,  aud  to  point  out  certain  lines  of  investigation  likely  to  prove 
fruitful.  In  the  bulletin  is  also  given  a  list  of  the  diseases  that  have 
been  treated  with  the  mixture,  aud  in  connection  with  this  a  discussion 
of  the  success  or  failure  attending  the  treatments.  In  the  preparation 
of  this  bulletin  great  difhculty  was  encountered,  owing  to  the  unsys- 
tematic way  in  which  experiments  have  been  conducted,  and  the  ambig- 
uous manner  in  which  they  were  reported.  In  many  cases  the  conclu- 
siveness of  certain  experiments  seemed  doubtful,  either  from  inability 
of  the  experimenters  to  state  results  clearly  or  from  an  a])parent  uncon- 
scious magnification  of  results. 

It  is  earnestly  desned  that  corrections  and  criticisms  of  the  opinions 
herein  advanced  will  be  freely  expressed,  as  the  writer  hoxjes  that  the 
value  of  the  bulletin  will  be  increased  by  the  ])ublication  of  such 
proofs  as  supi)ort  statements  which  have  seemed  unwarranted. 

I  wish  here  to  acknowledge  my  obligations  to  Dr.  \i.  C.  Kedzie,  of 

.the  Michigan  State  Agricultural  College,  and  Prof.  J.  T.  Willard,  of 

the  Kansas  State  Agricultural  College,  who  have  greatly  aided  me  by 

suggestions   as  to   the   chemical   nature   of  Bordeaux  mixture.     My 

thanks  are  also  due  to  the  various  members  of  the  Division  who  have 

assisted  in  the  preparation  of  the  bulletin. 

Bespectfully, 

D.  (t.  Fairchild, 

Assistant   Patholof/isf. 

B.    T.    (iALT>()\VA\. 

Chief  of  Piri.sioH. 
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BORDEAUX  MIXTLRI-  AS  A  l-lXGICIDIi. 


HISTORY  OF  BORDEAUX  MIXTURE. 

The  name  of  this  mixture  is  derived  from  the  phice  of  its  origin^ 
Bordeaux,  France.  The  omission  of  the  word  ••  mixture"  immediately 
following  the  word  '-Bordeaux"  is  not  to  be  encouraged,  and  "cop- 
per mixture  of  ( iironde  "  is  too  long  a  title  to  be  easily  used.  In  French 
the  name  is  written  BouUUe  bordelfd.sc  and  occasionally  BouilUes  bour- 
(juigiionue.s  :^  in  (German,  I>or(le(itixhr}ihe,  Kupfer  KaJl'  Mlschung,  Bar- 
dmu.r  Mischuu(j,  and  less  correctly  Bordelasier  Brillie  :  and  in  Italian, 
PoUlgJui  hordoJt'sc. 

The  use  of  Bordeaux  mixture  originated  in  France,  in  the  neighbor- 
hood of  the  city  of  Medoc,  which  is  situated  on  the  banks  of  the  Kiver 
Gironde.  It  was  first  used  in  the  form  of  a  thick  paste  composed  of  milk 
of  lime  and  copper  sulphate.  This  was  sprinkled  upon  the  vines  or  trel- 
lises near  highways  to  deter  boys  and  vagrants  from  pillaging  the  vine^ 
yards.  Its  conspicuousness,  together  with  the  belief  that  it  was  poison^ 
ous,  did  much  toward  rendering  the  remedy  effective  for  this  purpose. 
It  is  not  known  how  long  this  practice  had  been  in  vogue  previous  to 
the  time  when  Millardet.  professor  of  botany  in  the  faculty  of  sciences 
of  Bordeaux,  first  brought  the  matter  to  the  attention  of  viticulturists, 
but  probably  it  had  been  in  use  for  many  years.  In  a  visit  to  this 
region  in  1882.  Millardet  was  informed  by  the  viticulturists  that  the 
portions  of  their  vineyards  which  had  been  treated  with  this  paste  did 
not  suffer  from  mildew.  Although,  as  Millardet  himself  stated,-  he 
had  been  searching  for  a  remedy  for  mildew  since  1878,  when  it  was 
first  introduced  into  France,  he  had  not  discovered  any  clue  to  its  suc- 
cessful prevention,  but  shortly  after  his  visit  to  ]\I(''doc  he  published 
what  seems  to  be  the  first  suggestion  that  the  use  of  copper  sulphate 
might  prevent  mildew.^    In  188.'»  he  carried  on  experiments  to  test 


'  GailJof.     Bouillies  liourgui<iii(mnes  coutre  le  niildiou.  <Joiir.  d'Agr.  Prat..  1888,  t. 

1,  .52*"  anil.,  pp.  7.32-734.  Claims  to  have  used  this  mixture  in  .Tnue.  188B.  before  Mil- 
hirdet  discovered  it.  This,  however,  is  a  mistake,  as  Millardet's  first  article  was 
jiublished  some  time  previously. 

-Millardet.    Traitemeiit  du  mildiou  et  dii  KN>t.  <.I()ur.  d'Aur.  l*rat..  1885.  49'-  anu..  t. 

2,  pp.  .51^-516. 

■^Millardet.  Zeit.  zur  Wein-Ohsr  und  (iartenbau  fiir  Elsasz-Lothringeu,  numeros 
des  V  et  1.5  Mars,  188.3.  Citation  in  .Tour.  d'Agr.  Prat.,  188.5,  49''  aun..  t.  2.  pp.  801- 
805  (original  not  seen). 


a  mixture  .similar  to  that  used  in  Medoc,  and  in  1884  these  were 
repeated  upon  a  larger  scale.  Notwithstanding  the  fact  that  the  experi- 
ments of  1884  were  far  from  decisive,  owing  to  an  absence  of  the  dis 
ease,  the  author  communicated  his  results  to  the  Society  of  Agriculture 
of  Gironde,  on  the  first  of  May,  1885.'  The  viticulturists  at  once  became 
interested  and  began  testing  the  mixture.  In  1885  Millardet  repeated 
his  experiments,  this  time  with  more  marked  success.^  Between  1883 
and  1885  several  investigators,  approaching  the  subject  from  difterent 
points,  x)ublished  suggestions  as  to  the  possible  efficacy  of  the  salts  of 
copi^er  as  a  preventive  of  mildew.  From  a  careful  review  of  the  litera- 
ture, however,  it  appears  that  to  Millardet  is  due  the  credit  of  first 
correctly  interpreting  the  immunity  shown  by  the  treated  vines  in 
Mcdoc,  and  of  conceiving  a  practical  method  by  which  copper  sulphate 
could  be  used  as  a  remedy  for  tfie  disease  in  question. 

That  the  time  was  ripe  for  the  reception  of  such  a  fungicide  as  Bor- 
deaux mixture  is  easily  understood  when  it  is  remembered  that  the 
vine-growing  districts  of  France  were,  one  after  another,  being  invaded 
by  the  dreaded  mildew.  The  discovery  was  fully  appreciated,  as  is 
evidenced  by  the  hosts  of  articles  which  are  to  be  found  in  the  French 
agricultural  and  viticultural  papers  appearing  subsequent  to  1885. 
Much  of  the  work  since  this  date  upon  the  mixture  has  been  to  discover 
its  most  economical  form,  the  best  methods  for  its  preparation  and 
application,  and  general  use  for  the  iDrevention  of  as  large  a  number  of 
plant  diseases  as  possible.  While  to  the  Frencli  is  due  all  credit  for 
the  discovery  of  Bordeaux  mixture  as  a  fungicide,  its  extension  has 
been  much  more  rapid  in  America  than  in  any  other  country.  It  is 
somewhat  surprising  to  find  how  comi)aratively  little  the  mixture  has 
been  used  in  France  upon  other  plants  than  the  vine  and  potato.  It 
seems  to  have  been  confined  almost  entirely  to  the  treatment  of  black 
rot  of  the  grape  and  the  downy  mildews.  The  list  of  diseases  given  in 
this  bulletin  shows  better  than  any  detailed  description  the  wonderful 
extension  of  the  use  of  the  mixture  in  the  United  States. 

FORMULAS  FOR  AND  PREPARATION  OF  BORDEAUX  MIXTURE. 

There  has  existed  since  the  first  introduction  of  Bordeaux  mixture 
into  America  the  greatest  confusion  as  to  the  formula  for  its  prei)ara- 
tion,  and  although  the  exact  strength  of  the  mixture  is  perhaps  not  a 
matter  of  primary  importance  it  would  seem  that  a  standard  of  strength 
should  be  adopted.  In  the  earliest  reports  of  the  Division  a  great 
variety  of  formulas  were  recommended,  most  of  which  were  taken  from 
the  French  viticultural  papers.     The  first  formula  employed  Avas  very 

^Millardet.    Ann.  d.  1.  Soc.  d'Agr.  de  la  Gironde,  1885,  p.  73  (original  not  seen). 

-For  a  bibliography  of  the  history  of  the  discovery  see  Millardet,  Siir  1'  histoire 
du  traitement  du  mildionpar  le  snlfate  de  cuivre.  <^Jour.  d'Agr.  Prat.,  1885,  49*^  anu., 
t.  2,  pp.  801-805,  where  what  appears  to  be  an  impartial  statement  of  the  case  is  to  be 
found. 


concentrated  and  resemlded  a  tliiu  paste,  being  a\)plied  with  wisps 
of  straw  or  stitt"  brooms.  As  high  as  18  i)ounds  of  copper  sulphate  and 
34  pounds  of  lime  were  used  in  28  or  29  gallons  of  water,  and  the  first 
formulas  recomm<'n(h*(l  in  this  country  seem  to  have  been  of  this 
strength.' 

In  1888.  three  years  after  the  publication  of  the  discovery  of  the 
mixture.  Millardet  and  (rayon-  made  a  series  of  experiments  to  test 
several  formulas  for  downy  mildew  of  the  grape.  In  these  experi- 
ments the  authors  used  6,  3,  2,  aud  1  kilograms  of  copper  sulphate, 
with  corresponding  quantities  of  lime  in  100  liters  of  water,  to  form  four 
formulas.  These  formulas  are  equivalent  to  13.2,  G.G,  4.4,  and  2.2  pounds 
of  copper  sulphate  in  every  26  gallons' of  water.  From  their  experi- 
ments the  authors  concluded  that  the  weakest  formula,  i.  e.,  that  con- 
taining 2.2  i^ounds  of  copper  sulphate  in  26  gallons  of  water,  gave 
nearly  if  not  quite  as  good  results  as  the  stronger  formulas.  The 
recommendation  of  a  weaker  formula  than  that  coutaining  6  pounds  of 
copper  sulphate  was  made  by  Scribner*  in  1887,  and  no  warrant  exists 
for  the  claim  of  priority  advanced  by  a  number  of  exi)eriment  station 
horticulturists  and  others  that  the  amount  of  copper  in  the  Bordeaux 
mixture  could  be  reduced. 

From  the  recommendations  first  made  by  Galloway^  of  a  mixture 
containing  6  pounds  of  copper  sulphate  and  4  pounds  of  lime  in  22 
gallons  of  water,  it  has  become  somewhat  hrmly  established  among 
horticulturists  that  this  formula  is  a  kind  of  standard,  and  in  my  own 
experience  with  fruit  growers  I  have  found  it  somewhat  firmly  fixed  in 
their  minds.  In  order,  therefore,  to  establish  a  more  uniform  method 
of  the  quotation  of  formulas,  it  has  been  suggested  by  Mr.  M.  B.  Waite, 
of  this  Division,  that  thefi>rmula  above  referred  to  be  taken  as  a  stand 
ard  to  which  all  others  should  be  compared,  and  should  be  called  the 
22-gallon  formula.  Any  other  formula  when  quoted  should  be  reduced 
to  the  terms  of  this  mixture:  for  example,  a  mixture  containing  2 
pounds  of  copper  sulphate,  neutralized  with  1^  pounds  of  lime  in  20 


'Hilgard,  E.  W.  Cal.  Exp.  8ta.,  Bull.  No.  51,  Jan.,  1886.  nileij.  C.  V.  Rural  New 
Yorker,  Feb.  6.  1886.  Cohnau,  X.  J.  Ciroular  Xo.  1.  Section  of  Mycology.  1'.  S.  Dept. 
of  Agr..  May,  1886.  Scribuer,  F.  Lamsoii.  Ann.  Kept,  of  the  Commissioner  of  Agri- 
culture for  the  year  1886,  p.  100. 

-Millardet  et  Gayou.  Les  nouvelles  formules  de  l;i  boMlllit-  liordelaise.  <^,Tour. 
(VAgr.  rrat.,  1888,  1. 1.  j.p.  66.3-06.5,  691-694. 

One  hectoliter  of  French  measure  is  equivalent  to  22  gallons  of  English  liquid 
measure,  aud  to  26  gallons  of  Fnited  States  standard  measure.  The  mistake  of  trans- 
lating French  hectoliters  into  English  instead  of  American  gallons  made  by  Erwin  F. 
Smith  in  Sec.  of  Veg.  Path.  Bull.  Xo.  2,  Appendix  C,  p.  65,  seem  to  have  passed  un- 
challenged until  pointed  out  by  McCarthy  in ''Plant  diseases  and  how  to  combat 
them."     <X.  C.  Agr.  Exp.  Sta.  Bull.  Xo.  76,  Mar.,  1891,  p.  6. 

'Scnbntr,  F.  Lamson.  Treatment  of  the  ])otato  and  tomato  for  the  blight  and  rot. 
<Bot.  Div.,  Sec.  of  Yeg.  Path.  Circular  Xo.  4,  July  2.  1887,  i».  2. 

■Gallonay,  B.  T.  Treatment  of  black  rot  of  the  gra]>e.  <Hot.  Div..  Sec.  of  A' eg. 
Path.  Circular  Xo.  6,  U.  S.  Dept.  of  Agr.,  1888.  p.  2. 
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gallous  of  Water,  \»(nikl  he  called  a  GO-galloii  formula,  because  the 
amount  of  copper  sulpliate  when  increased  to  6  pounds  necessitates  the 
use  of  GO  gallons  of  water.  A  7S-gallon  formula  would  contain  <> 
pounds  of  copper  sulphate  in  78  gallons  of  water,  with  lime.sufhcient 
to  neutralize  it,  if  prepared  according  to  the  method  described  below, 
or  4  pounds  if  the  old  method  of  weighing  it  be  followed.  The  advan- 
tage of  this  method  of  quoting  formulas  is  that  no  ettbrt  is  required  to 
remember  how  nuich  copper  sulphate  is  employed,  since  it  is  always  (> 
pounds,  and  the  statement  of  the  number  of  gallons  of  water  puts  one 
at  once  in  possession  of  the  whole  formula.  It  is  hoj^ed  that  this  or 
some  better  system  of  quoting  forimilas  will  be  established  as  a 
standard.  The  correct  |)reparation  of  the  Bordeaux  mixture  is  of  pri- 
mary importance,  and  is  not  a  difticult  nor  lalorious  operation  when 
once  understood.  The  ingredients  are  copper  sulphate,  lime,  and  water. 
The  first  precaution  necessary  is  to  secure  a  good  quality-  of  copper 
sulphate,  and  strong,  fresh  quickliuie.  Copper  sulphate  which  con- 
tains a  large  amount  of  iron  or  zinc  sulphate  should  not  be  used, 
although  it  has  not  been  proved  that  the  latter  ingredients  really  injure 
the  mixture. 

Lime  which  is  made  from  stone  containing  a  large  amount  of  clay  is 
likely  to  be  what  is  known  as  "dead"  lime,  and  to  contain  small,  insol- 
uble granules.  Tins  kind  of  lime  may  be  used,  but  is  likel}"  to  give 
trouble  unless  the  resulting  milk  be  well  strained  before  adding  it  to  the 
copper  sulphate.  Lime  which  has  been  air-slaked  should  not  be  employed 
in  any  case,  since  its  use  results  in  injury  to  the  foliage.  The  following 
description  of  the  22-gallon  mixture  is  given  as  a  guide  for  preparing 
this  fungicide,  any  modifications  of  this  formula  consisting  simply  in 
diluting  or  concentrating  the  above  formula: 

Dissolve  G  pounds  of  copper  sulphate  (blue  vitriol)  in  water.  If  hot 
water  can  be  conveniently  secured  G  gallons  will  readily  dissolve  G  pounds 
in  ten  minutes;  but  if  hot  water  can  not  be  obtained,  place  the  copper 
sulphate  in  a  piece  of  sacking  or  any  light  cloth,  and  suspend  it  in  a 
barrel  containing  18  gallons  of  water  so  that  the  chemical  is  only  a  few 
inches  below  the  surface  of  the  water.  In  this  way  the  suli)hate  will 
be  dissolved  in  the  course  of  six  hours,  while  if  the  crystals  are  poured 
into  the  water  and  allowed  to  sink  to  the  bottom  twelve  hours  is  hardly 
sufficient  for  their  solution,  unless  constantly  stirred,  owing  to  the 
greater  specific  gravity  of  water  Avhich  holds  copper  sulphate  in  solu- 
tion. Slake  I  pounds  of  lime  in  a  small  quantity  of  water,  adding  the 
latter  little  by  little,  nevei-  enough  to  cover  the  lumps.  A  little  care 
in  slaking  the  lime  will  be  more  than  repaid  in  the  fineness  of  the  milk 
secured,  and  it  will  be  found  that  adding  a  pint  of  water  when  signs  of 
slaking  appear,  and  a  second  and  third  as  the  slaking  is  well  under  way, 
will  result  in  a  fine  milk,  with  few  unslaked  granules.  The  addition  of 
a  large  quantity  of  water  at  first  or  a  too  rapid  addition  generally  results 
in  a  milk  which  contains  a  large  amount  of  uns1f?ked  lime.     When  the 
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slaking-  has  been  completeil  the  milk  should  be  made  up  to  about  4 
,iiallons  vrith  water.  P(>ur  the  milk  of  lime  into  the  solution  of  copper 
sulphate,  straining-  the  former  through  a  piece  of  gunn^^  Siicking  or  a 
wire  screen.  See  that  the  mixture  is  thoroughly  stirred  during  the 
addition.  The  fungicide  should  l)e  used  as  soon  as  prepared,  for  if 
allowed  to  stand  more  than  six  or  eiglit  hours  it  is  not  so  easily  kept  in 
suspension  and  the  mixture  is  not  so  adherent  to  the  foliage. 

There  exist  two  principal  modifications  of  the  above  method  of  pre- 
paring the  mixture.  One.  referring  to  the  addition  of  lime,  was  first 
suggested  by  Patrigeon/  and  has  since  come  into  quite  general  use  in 
America.  Whether  or  not  it  is  jnstly  entitled  to  become  a  universal 
method  has  been  questioned.  This  author  does  not  weigh  out  the  lime, 
but  uses  a  solution  (one-half  saturated)  of  potassium  ferrocyanide 
(yellow  i^russiate  of  potash)  to  test  the  mixture  after  the  addition  of 
what  IS  supposed  to  be  a  sufficient  amount  of  lime  to  neutralize  the 
copper  sulphate.  A  few  dro^js  of  the  solution  are  added,  and  if  an  insuf- 
ficient amount  of  lime  be  present  the  drops  as  they  strike  the  light  blue 
mixture  will  turn  a  chocolate  brown,  but  if  enough  lime  has  been  used 
no  color  reaction  takes  place.  The  other  modification,  which  depends  in 
part  upon  that  just  mentioned,  was,  so  far  as  1  am  aware,  first  suggested 
by  Mr.  M.  B,  Waite  -.  It  has  never  been  published  by  him,  but  has  come 
into  actual  practice  in  New  York  State  "  through  verbal  recommenda- 
tions of  Prof.  Beach  and  myself.  The  method  consists  in  making  up 
what  may  be  called  stock  solutions  of  copper  sulphate  antl  lime,  and 
emi^loying  quantities  of  these  of  which  their  equivalents  in  ])ounds  had 
been  previously  figured  out.  For  exami^le.  dissolve  200  pounds  ot 
copper  sulphate  in  50  gallons  of  water  and  each  gallon  will  contain  4 
pounds  of  the  salt.  Slake  150  pounds  of  lime  and  make  up  to  a  milk 
with  50  gallons  of  w  ater  and  1  gallon  will  contain  3  pounds  of  lime. 
In  preparing  the  mixture  for  use  1  gallon  of  the  stock  solution  of  copi)er 
sulphate  can  be  placed  in  19  gallons  of  water  and  enough  of  the  milk 
of  lime  added  to  neutralize  it  completely,  as  shown  by  the  ferrocya- 
nide test.  It  has  not  yet  been  clearly  shown  that  the  stock  lime  solu- 
tion will  not  deteriorate  upon  standing,  becoming  the  carbonate,  and 
thus  endangering  the  foliage  by  its  use:  but  for  extensive  orchards  this 
method  will  undoubtedly  come  into  general  use. 


'  Patrige&n,  G,     Revue  viticole.     <^Jour.  d'Agr.  Prat.,  1890,  t.  1.  54 "^  anu..  p.  701. 

=  Since  the  manuscript  of  this  bulletin  was  handed  in  ^Ir.  Swingle  has  pointed  out 
in  the  Journal  of  Mycology,  Vol.  7.  Xo.  4,  that  the  method  of  prejiaring  stock  solu- 
tions here  described  was  suggested  by  Ricaud,  of  France,  in  1887.  Mr.  Waite  in  the 
same  number  of  the  .Tournal  published  an  account  of  his  method  in  full. — ( H.  T. 
Galloway.) 

■'  Scoon.  C.  K.  Better  than  weighing  Bordeaux  mixture.  <^  Allegan  (razette,  Mitli., 
Mav  13,  1893. 
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CHEMISTRY  AND  FUNGICIDAL  ACTION  OF  BORDEAUX  MIXTURE. 

The  reactions  wliicli  take  place  when  milk  of  lime  is  added  to  a  solu- 
tion of  copper  sulphate  have  been  generally  assumed  to  be  simple. 
Millardet^  and  Chester^  have  both  dismissed  the  matter  with  the  state- 
ment that  copper  hydroxide  is  formed  and  that  this  is  the  active  prin- 
ciple of  the  fungicide. 

In  view  of  the  variable  results  which  this  mixture  has  given  in  the 
hands  of  different  exi^erimenters,  it  is  a  matter  of  x)riniary  importance 
that  a  thorough  knowledge  of  its  composition  be  gained.  The  reaction 
given  by  Chester  and  copied  by  various  experiment  station  botanists  is 
CUSO4, 5H2O  -f  CaO,H20  =  Cu{OH)2  -f  Ca  SO4  +  5  H,0.  This  reaction 
is  the  simplest  which  could  take  place  between  pure  calcium  hydroxide 
and  cupric  sulphate,  but  is  most  probabl>'  not  as  full  a  statement  of 
the  chemical  changes  taking  place  in  tlie  ordinary  preparation  of  Bor- 
deaux mixture  as  seems  necessary.  Although  a  lump  of  lime  is  not  a 
pure  oxide  of  calcium,  and  the  milk  resulting  from  its  contact  with 
water  is  not  a  pure  hydroxide,  yet  the  i)roportion  of  foreign  substances 
is  so  small  as  to  warrant  us  in  overlooking  them  in  tiiis  discussion. 

Wben  a  lump  of  lime  is  x^roj^erly  slaked  tlie  CaO  of  which  it  is  com- 
posed takes  up  water  with  great  evoluticm  of  heat,  increases  in  volume, 
and  becomes  the  hydroxide  of  calcium,  according  to  the  reaction  :  CaO-|- 
H20  =  r'a(OH)2.  A  comparatively  small  part  of  the  hydroxide  of  calcium 
goes  into  solution^  and  the  remaining  part  is  suspended  in  the  water  as 
fine  particles  of  the  hydroxide.     This  mixture  is  called  milk  of  lime. 

Copper  sulphate  or  blue  vitriol,  although  often  containing  a  small 
percentage  of  iron  sulphate,  is  so  nearly  pure  that  it  may  be  considered 
so  here^.  The  crystals  have  the  f(U'mula  of  CUSO4,  5H2O,  and  the 
exsiccated  light  green  powder  made  by  heating  the  crystals,  CUSO4, 
2H2O. 

When  one-half  pint  of  milk  of  lime  is  added  to  6  pounds  of  copper 
sulphate  in  solution  in  22  gallons  of  water,  there  is  formed  a  flocculent 
precipitate,  sea  green  in  color,  which  sinks  rapidly  to  the  bottom  if 
allowed  to  stand.  Upon  the  gradual  addition'  of  more  lime  the  color  of 
the  precipitate  slowly  changes  through  various  shades  of  sea  green  into 
a  deep  sky  blue.  These  changes  take  place  quite  rapidly,  and  unless 
watched  for  will  escape  notice.  The  sea-green  j)recii)itate,  closely 
resembling  the  color  of  cupric  basic  carbonate,  is  only  formed  so  long 


^MiUardet.  Die  Weinlaube,  17  Jalirg.,  No.  45,  p.  531;  No.  46,  pp.  542-544 ;  No.  47, 
pp.  .553-.555.     Eeview  in  .Jahresl)er.  ii.  Agr.  Chem.,  Vol.  8,  1885,  p.  221. 

-Chester,  F.  D.  The  copper  salts  as  fungicides.  <^Jonr.  of  Mycol.,  Vol.  6,  May 
14,  1891,  p.  22. 

^Calcium  hydroxide  dissolves  more  readily  in  cold  than  in  hot  Avater;  100  parts  of 
water  at  15.6°  C.  dissolve  0.1368  part  of  the  hydroxide  and  at  100°  C.  only  0.0752  of 
a  part  (Wettstein). 

"^Van  Slylce,  L.  L.  Fungicides,  analysis  and  valuation.  <^Cnlt.  and  Country  Gent., 
Albany,  1891,  p.  556.     Shows  samples  from  a  New  York  firm  to  he  99.6  per  cent  pure. 
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as  there  is  an  excess  of  the  cupric  sulphate.  As  soon  as  enough  of  the 
lime  has  been  added  to  wholly  nentralize  the  coi^per  sulphate  the  pre- 
cipitate assnmes  a  deej)  sky  blue  color.  If  still  more  lime  be  added  and 
the  mixture  allowed  to  stand  a  few  minutes  the  sky.  blue  color  deepens 
and  takes  a  j^urplish  tinge.  The  mixture  now  in  common  use  in 
America  is  that  in  which  the  i)recipitate  is  sky  blue.  Concentration  of 
the  mixture  increases  the  purple  color  of  the  reaction.  The  explanation 
of  the  changes  in  the  precipitate  is  important  and  has  not  yet  received 
the  attention  which  it  deserves.  The  question  of  the  efficacy  or  fail- 
ure of  the  fungicide  may  depend  upon  an  understanding  of  these  chem- 
ical reactions. 

The  color  reactions  are  not  confined  to  the  combination  of  lime  and 
copper  sulphate,  but  may  be  i^roduced  by  several  of  the  alkalies. 
Prescott  and  Johnson^  claim  that  the  action  of  ammonium  hydrate, 
as  well  as  the  fixed  alkalies,  when  added  to  CUSO4,  is  to  throw  down 
the  basic  salts  if  added  short  of  saturation.  If  added  to  the  point  of 
saturation  they  form  the  hydroxide.  The  same  authors  state  that  an 
excess  of  the  fixed  alkalies  does  not  dissolve  the  precipitate,  but  they 
fail  to  account  for  the  formation  of  a  much  deeper  blue  coloration  than 
that  offered  by  the  hydroxide.  It  seems  to  the  writer  that  the  action 
of  calcium  hydroxide  may  be  analogous  to  the  action  of  i^otassium  or 
ammonium  hydroxide.  The  difference  seems  to  be  that  the  solvent 
action  of  the  calcium  comi^ound  is  much  weaker  than  that  of  the  potas- 
sium or  ammonium.  This  view  is  further  borne  out  by  the  theoretical 
composition  of  copper  sulphate,  which  admits  of  the  foiination  of  basic 
salts. 

It  seems  i)robable,  then,  that  the  first  reactions  which  take  place 
when  milk  of  lime  is  slowly  added  to  a  solution  of  copper  sulphate 
are  those  leading  to  the  formation  of  the  basic  sulphates  of  copper. 
With  the  addition  of  more  lime  the  acid  radicals  of  the  basic  salts 
are  gradually  replaced  by  hydroxide,  and  when  sufficient  lime  has  been 
added  to  entirely  neutralize  the  copper  sulphate  the  resulting  com- 
pound is  a  hydroxule  of  copper,  Gu(OH)2. 

It  is  not  known  Avith  certainty  what  compound  of  copper  is  formed 
which  gives  the  i)urplish  color  to  a  concentrated  Bordeaux  mixture,  in 
which  a  large  excat^A  of  lime  is  used.  In  an  admirable  paper  on  the 
chemical  composition  of  Bordeaux  mixture  Dr.  Sostegni^  has  shown  that 
in  a  mixture  of  copper  sulphate  and  lime  there  exists  a  small  amount  of 
copper  sulphate  in  solution,  even  though  the  mixture  may  be  alkaline. 


^Prescott  and  Johnson.  '' Ammoniuni  hydrate  added  short  of  saturation  precipi- 
tates the  pale  blue  basic  salts;  added  just  to  saturatiou,  the  deep  blue  hydrox- 
ide (in  both  cases  like  the  tixed  alkalies) ;  added  to  supersaturation  the  precipi- 
tate dissolves  to  anintensely  deep  blue  solution."  <^Qnalitative  Cheiii.  analysis,  4th 
edition,  1891,  p.  87.  It  seems  strange  that  the  basic  salt  is  called  i)ale  blue,  for  it 
appears  to  bo  a  pure  light  green  when  well  washed. 

-Sostegni,  Livio.  Sulla  composizioue  chimica  della  cosi  detty  poltiglia  bordolcse. 
<^Le  Stazioni  Sperinientali  Agrarie  Italiane,  Vol,  19,  Agosto,  1890,  pp.  129-141: 
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This  amouut  is  greater  Avbeu  partially  air-slaked  lime  is  used,  and 
greatest  when  tbe  powdered  or  burnt  lime,  CaO,  is  added  directly  to 
the  solution.  Tliis  author  concludes  from  his  studies  tliat  the  copper 
in  the  Bordeaux  mixture  exists  in  three  forms,  the  basic  sulphate,  the 
hydroxide,  and  the  double  basic  sulphate  of  copper  and  calcium. 
While  I  am  not  in  a  position  to  entirely  disagree  with  these  conclu- 
sions, it  is  certainly  to  be  regretted  that  Dr.  Sostegni  was  obliged  to 
carry  on  bis  investigations  with  the  use  of  limewater  instead  of  milk 
of  lime.  The  fact  that  no  mention  is  made  of  the  changes  in  color  in 
the  mixture  corresponding  with  similar  changes  taking  place  when 
one  of  the  alkalies  proper  is  added  to  copper  sulphate,  also  leads  to  the 
belief  that  he  has  overestimated  the  pro])ortion  of  the  basic  salt  present 
in  the  mixture  as  ordinarily  x)repared. 

What  part  the  varying  composition  of  Bordeaux  mixture  plays  in 
preventing  the  attacks  of  parasitic  fungi  has  not  yet  been  worked  out. 
and  remains  a  most  i>romising  tield  for  research.  Whether  or  not  the 
spores  of  certain  fungi  will  prove  more  susceptible  to  the  basic  suli^hate 
than  to  the  hydroxide,  or  vice  versa,  is  yet  unknown.  The  behavior  of 
the  basic  sulphates,  formed  when  air-slaked  lime  or  even  an  insuffi- 
cient quantity  of  properl}^  slaked  lime  is  emploj'ed,  may  offer  an  explana- 
tion of  in  juries  arising  from  its  use.  I  have  k)ng  suspected  that  the  small 
(iuantities  of  copper  sulphate  remaining  in  solution  when  air-slaked 
lime  is  employed  in  excess  were  not  adequate  to  explain  the  serious 
injury  often  arising  from  treatments  Avith  the  mixture  so  prepared. 
If,  however,  the  air  acts  upon  the  basic  sulphates  of  copper  according 
to  the  reaction  2  (Cu  (Oil).,  CuSO^)  +  CO,  =  2CUSO4  +  Cu  (OH)!, 
CuO():5  -h  H2O,  as  suggested  by  Prof  J.  T.  Willard,  an  adequate 
solution  of  the  injury  from  improperly  prepared  Bordeaux  mixture 
has  been  reached.  It  is  evident  from  this  reaction  that  there  is  lib- 
erated the  normal  copper  sulphate,  and  this  has  been  shown  to  be 
extremely  injurious  to  the  green  parts  of  plants.  Comx)aratively  large 
quantities  of  this  would  be  produced  and  would  explain  fully  the  cor- 
rosive action  of  the  mixture.  The  point  of  most  importance  and  the 
one  which  most  fully  corroborates  this  view  is  the  tardiness  with  which 
the  mixture  injures  the  foliag<\  Should  the  injury  from  a  carelessly 
formed  mixture  be  due  to  the  slight  amount  of  copper  sulphate  present, 
the  effect  would  be  evident  shortly  after  the  treatment,  but  in  cases 
which  have  come  under  the  observation  of  different  members  of  the 
Division  of  Vegetable  Pathology  this  injury  has  not  appeared  until 
some  time  after  the  treatments  and  generally  after  a  shower.  The  CO2 
of  the  air  would  act  ui)on  the  basic  sulphate  slowly,  and  gradually 
transform  it  into  the  normal  sulphate,  according  to  the  above  reaction, 
and  in  the  presence  of  moisture.  This  is  a  i^oint  which  needs  thorough 
investigation,  and  the  writer  regrets  that  its  late  discovery  prevents 
him  from  attempting  its  solution  at  this  time. 

•  It  is  possible  also'  that  pathoI@gists  have  proceeded  too  rapidly  in 
recommending  the  use  of  potassium  ferrocyanide  in  the  ineparation  of 
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this  mixture.  It  has  uot  yet  been  definitely  settled  that  the  mixture 
when  prepared  according  to  this  method  will  not  contain  the  basic  sul- 
phates and  occasionally  prove  injurious.  In  attempting  to  avoid  the 
inconvenience  in  the  preparation  of  ]>ordeaux  mixture  the  greatest 
care  must  be  taken  that  its  real  value  is  not  impaired.  The  excess  of 
lime  in  the  mixture  instead  of  being  an  injurious  element  may  prove 
most  beneficial,  preventing  injuries  from  the  copi)er  salt  and  in  other 
ways  being  of  advantage. 

What  reactions  take  place  wlieii  Bordeaux  mixture  properly  pre- 
pared is  sprayed  on  the  foliage  and  fruits  and  in  what  manner  the  cupric 
hydroxide  acts  as  a  fungicide,  are  questions  which  do  not  seem  to  have 
received  the  attention  their  importance  deserves.  From  investigations 
the  writer  has  carried  on  relating  to  the  action  of  a  solution  of  potas- 
sium ferrocyanide  on  Bordeaux  mixture  in  the  wet  condition  and  after 
drying,  it  is  probable  that  the  reactions  are  comparatively  simple. 
When  the  mixture  is  properly  prepared  and  copper  hydroxide  forms 
the  preponderating  copi)er  compound  m  the  fungicide,  there  is  undoubt- 
edly an  excess  of  calcium  hydroxide,  which  amount  varies  with  the 
method  of  preparation  of  the  mixture.  When  the  potassium  ferrocya- 
nide test  is  used  this  excess  is  comi)aratively  small,  but  when  the  reg- 
ular formula  is  followed  tbe  excess  is  considerable. 

In  the  preliminary  experiments  above  alluded  to,  it  was  found  that 
although  the  mixture  gave  no  reaction  for  coi)])er  ferrocyanide  when 
wet,  if  the  precii)itate  is  allowed  to  dry  in  air  containing  CO.>  or  if  bub- 
bles of  CO..  are  passed  through  it,  upon  the  addition  of  a  solution  of 
potassium  ferrocyanide,  K4Fe(C'X)p,  the  chocolate-red  insoluble  pre- 
cipitate of  copper  ferrocyanide,  Cu2Fe(0N),;,  is  formed.  What  seems 
to  be  the  correct  interpretation  of  these  reactions  has  been  suggested 
by  Prof  Willard.  His  explanation  is  as  follows:  When  the  Bordeaux 
mixture  is  freshly  prepared  it  contains  an  excess  of  calcium  hydroxide, 
and  all  of  the  acid  radical  from  the  copper  sulphate  has  been  taken 
by  the  lime  first  added,  forming  calcium  sulphate.  If,  now,  potassium 
ferrocyanide  be  added,  no  reaction  takes  place,  since  coi)per  ferrocy- 
anide can  not  be  formed  in  the  presence  of  strongty  alkaline  bases.  If, 
however,  the  mixture  be  exposed  to  air  in  which  OO2  is  present,  the  cal- 
cium hydroxide  is  soon  changed  into  carbonate  of  calcium  and  rendered 
comparatively  inert.  The  addition  of  i^otassium  ferrocyanide  is  conse- 
quently followed  by  the  formation  of  the  insoluble  ferrocyanide  of  co])- 
per.  Copper  ferrocyanide  can  not  be  formed  in  the  presence  of  an 
alkali,  such  as  potassium  or  calcium  hydroxide,  but  re([uires  the  pres- 
ence of  an  acid  to  neutralize  the  alkali. 

As  to  the  action  of  CO2  upon  copper  hydroxide  of  Bordeaux  mixture 
when  dried  m  the  open  an-,  our  knowledge  is  not  complete.  It  is 
highly  probable,  however,  that  no  change  takes  place,  but  that  it 
remains  attached  to  the  plant  in  the  form  of  the  hydroxide,  ready  to  be 
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dissolved  slowly  by  the  rains  and  dews,  and  to  be  spread  by  them  to 
parts  of  the  foliage  at  some  little  distance  from  the  place  where  it  origi- 
nally dried.  Although  it  has  been  claimed  by  Millardet  and  Gayon/ 
and  others  that  the  copper  salts  are  absorbed  by  the  cuticle  of  the  leaf, 
the  late  work  of  Eumm^  has  thrown  serious  doubt  upon  their  conclu- 
sions. My  own  observations  have  failed  to  confirm  tbose  of  Millardet 
andGayon,  and  the  unnatural  conditions  under  which  their  experiments 
were  carried  on  leave  ample  room  to  doubt  the  applicability  to  the 
question  in  hand.  The  fact  that  cuticular  substances  which  have  been 
macerated  in  sulphuric  acid  absorb  and  retain  considerable  quantities 
of  copper  sulphate,  is  not  proof  that  the  normal  cuticle  under  the  con- 
ditions in  which  Bordeaux  mixture  is  applied  will  take  up  the  sarnie 
metal  from  a  different  and  much  less  soluble  compound.  The  extreme 
tenacity  with  which  the  mixture  adheres  makes  any  positive  analysis 
depending  upon  the  complete  removal  of  the  mixture  previous  to 
incineration  seem  of  doubtful  value.  The  great  dihiculty  of  ascertain- 
ing when  every  trace  of  the  copper  adhering  to  the  exterior  of  the 
treated  plant  has  been  washed  oft',  causes  me  to  doubt  the  accuracy  of 
the  analyses  of  Millardet  and  Gayon,  and  in  the  face  of  the  directly 
contradictory  evidence  of  Eumm  leads  to  the  belief  that  Bordeaux 
mixture  is  not  absorbed  by  the  cuticle.  1  can  not,  however,  follow 
Kunim  so  far  as  to  declare  the  existence  of  any  chemical  or  physical 
stimulus  which  tends  to  increase  the  protoplasmic  activity  of  the 
chlorophyll-bearing  cells.  Neither  am  1  convinced  that  an  actual 
hastening  in  maturity  of  the  fruit  is  induced  by  its  use.  Some  experi- 
ments made  by  the  Division  of  Vegetable  Pathology  brought  out  the 
significant  fact  that  a  mixture  containing  no  lime  had  no  beneficial 
effect  upon  the  foliage,  and  this  adds  strength  to  the  belief  that  any 
stimulating  action  of  the  copper  has  yet  to  be  proved.  In  discussing 
the  action  of  the  Bordeaux  mixture  upon  the  spores  of  fungi  it  does 
not  seem  warrantable  to  ascribe  to  it  ju-operties  less  understood  than 
those  of  the  action  of  metallic  copper.  It  has  long  been  known  that 
water  containing  a  very  small  quantity  of  copper  in  solution  effectually 
prevents  the  germination  of  the  spores  of  certain  fungi,  as  well  as 
injures  the  tender  i^arts  of  some  higher  plants, '     Bright  metallic  copper 

'  Millardet  et  Gayoii.  Rechercbes  uouvelles  siu  ractioii  (|ue  les  composes  cuivreux 
exerceiitsur  le  developpement  du  Peronospora  dc  la  viguc  <Compt.  Rend.,  t.  104, 
1887,  pp.  342-344;  also  Jour.  d'Agr.  Prat..  1887,  51'  ami.,  t.  1,  pp.  123-129. 

Levi,  A.  In  qual  modo  il  rame  agisca  come  rimedio  contro  la  i)eronospora  della 
vite.  <Atti  e  memorie  dell'  I.  R.  Soc.  Agar.  d.  Gorizia,  Aun.  26,  1887.  pp.  105-108. 
(Review  in  Just's  Bot.  .Taliiesber.,  1887.  Xo.  14,  ii.  Abth..  p.  357.     Origiual  not  seen.) 

-  liiivim.     See\).  27. 

■Frecost.  Mdmoire  sur  la  cause  immediate  de  la  cai'ie  on  cliarbon  des  hies,  1807, 
cited  iuCompt.  Reud.,  t.  101,  1885,  p.  1224. 

Millardet  et  Gaijon.  De  Taction  du  melange  dc  snlfate  de  cuivie  et  de  cliaux  sur  le 
mildiou.  <Compt.  rend.,  t.  101,  1885,  pp.  929-932. 

Oliver,  Paul.  Les  tavelures  des  Poiriers.  < Jour.  d'Agr.  Frat..  1881.  45'  aun..  t.  2, 
pp.  20-22. 

Ualsied,  B.  D.     Notes  on  Monilia  fructitjeiui  and  spore  germination.  <^ Rot,   (iiv/, 
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when  brought  into  moist  contact  with  the  spores  of  some  species  of 
fungi  prevents  or  retards  their  germination. 

The  most  probable  exphmation  of  the  action  of  metallic  copi^er  upon 
the  spores  of  fungi  lies  in  the  fact  that  it  is  not  a  wholly  insoluble  metal, 
and  when  brought  in  contact  with  water,  especially  water  containing 
small  amounts  of  ammonia  or  carbon  dioxide,  gives  uj)  a  small  quan- 
tity of  its  active  substance.  In  what  way  this  small  amount  of  copper 
acts  on  the  protoplasm  of  tbe  germinating  s^jore  is  not  known  with  cer- 
tainty, but  it  seems  quite  likely  that  it  actually  penetrates  the  ecto 
plasm  and  i^roduces  its  iDoisonoils  action  on  the  endoplasm  of  the 
cell  itself,  since  it  has  been  shown  by  Wiithrich  ^  that  dilute  solutions 
of  copi)er  sulphate  enter  the  protoplasmic  contents  of  the  cell  and  may 
be  there  detected  by  the  use  of  potassium  ferrocyanide.  It  has  not  yet 
been  ascertained  in  what  the  toxic  action  of  copper  consists,  but  it  is 
to  be  hoped  that  our  knowledge  of  the  matter  may  shortly  be  so  ex- 
tended as  to  make  an  adequate  explanation  possible. 

Bordeaux  mixture  when  sprayed  on  the  green  parts  of  plants  adheres 
m  the  form  of  small  drops,  which,  upon  drying,  dejiosit  on  the  leaf 
minute  quantities  of  copper  hydroxide.  This  hydroxide  gives  up  to  any 
moisture  upon  the  leaf  which  is  necessary  for  the  germination  of  the 


Vol.  16,  Sept.,  1891,  pp.  266,267;  showing  that  bright  metallic  copper  Avhen 
placed  in  drops  of  water  containing  spores  of  Monilia  fructigena  prevented  or 
hindered  their  germination.  The  spores  of  Cerutocy.sils  fi mhviata  Ell.  and  Hals.,  and 
an  undescribed  species  of  Glaosporium  behaved  in  a  similar  manner  towards  cop- 
per, as  was  observed  by  Dr.  Halsted  and  myself  in  1891.  Spores  sown  in  drops  ol" 
distilled  water  witliont  the  presence  of  copper  germinated  abundantly.  One  part 
of  copper  carbonate  in  46,900  of  water  prevented  germination. 

Loew,  0.  Bemerkung  iiber  die  Giftwirkuug  des  destillirten  Wassers.  <^Landw. 
Jahrh.,  Bd.  20,  1891,  Heft  1,  p.  235.  The  presence  of  1  part  of  copper  in  10  million 
parts  of  water  proved  fatal  to  Spirogyra,  causing  a  contraction  of  the  chlorophyll 
bands. 

Eudelka,  F.  Ueber  den  Einfluss  der  Kupfervitriollosung  und  die  Keimfjihigkeit 
gequellten  Weizens.  <^0e8terr.  Landw.  Wochenbl.,  2.  Jahrg.,  1876,  No.  24,  p.  1280 
cited  in  Biedermann's  Centralbl.  f.  Agr.  Chem.,  Vol.  10,  1892-'93). 

Isidore-Pierre,  J.  Ueber  den  Einfluss  der  Wiirme  und  des  Beizens  mit  Kalk  und 
Kupfervitriol  auf  die  Keimfiihigkeit  des  Weizsns.  <^Ann.  Agron.,  Bd.  2,  1876,  2. 
Heft,  pp.  177-181. 

Haselhoff,  Emil.  Ueber  die  schiidigende  Wirkung  von  Kupfersulfat  und  Kupfer- 
nitrat-haltigem  Wasser  auf  Bodeu  und  Ptianzen.  <^Landw.  Jahrb.  (Thiel),  21, 
1892,  Heft  1  und  2,  pp.  263-276. 

Beveil,  P.  0.  Recherches  de  Physiologic  Vegetale  de  Taction  des  Poisons  sur  ks 
Plantes,  Paris,  1865,  p.  77.  The  literature  jirevious  to  1865  regarding  the  action  of 
metallic  poisons  on  plants  is  here,  in  part,  collected. 

PhiUi2)s,  F.  C.  Absorption  of  metallic  oxides  by  plants.  <Traus.  Engineers' 
.Society  of  West  Pennsylvania,  Vol.  1,  1882,  pp.  280-288;  also  Chem.  News,  Vol.  46, 
1882,  p.  224. 

Bouchardat.  Recherches  sur  les  fonctions  des  racines.  (Cited  by  Reveil,  op.  cit., 
p.  172). 

'  Wiiihricli,  E.  Ueber  die  Einwirkung  von  Metallsalzen  und  Siiuren  auf  die  Keim- 
fiihigkeit der  Sporen  6iniger  der  verbreitetsten  parasitischen  Pilze  unserer  Kultur- 
ptlanzen.  <Zeit.  f.  Ptlanzenkrank.  (Sorauer),  Bd.  2,  1892,  p.  92. 
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spores  of  fuugi  a  small  auiouut  of  copper,  wliieli  prevents  or  hinders 
the  germination.  It  is  not  necessary  to  assnme  that  the  toxic  action 
is  strong  enough  to  actually  kill  the  spores,  as  in  the  struggle  which 
takes  place  between  the  host  and  the  attacking  parasite  iK)ssibly  a 
slight  barrier  only  is  sufficient,  especially  when  taken  in  connection 
with  the  natural  barrier  which  the  i)lant  itself  offers.' 

The  remarkable  difference  m  susceptibility  towards  copper  salts, 
which,  as  shown  by  Wilthrich,  exists  between  the  spores  of  different 
species  of  fungi,  is  so  well  borne  out  by  x)ractical  tests  with  Bordeaux 
mixture  that  it  seems  highly  i)robabry  that  tlie  ability  to  control  a  cer- 
tain disease  will  vary,  other  things  being  ecpial,  directly  as  the  suscepti- 
bility of  its  spores  to  the  action  of  the  copper  salt.  Although  I  am 
inclined  to  agree  with  Wilthrich  that  no  other  metal  will  be  likely  to 
drive  copper  from  the  field  as  a  fungicide,  I  am  not  at  all  certain  that 
some  of  the  organic  compounds  which  exert  such  a  i^owerful  infiuence 
on  i^lants  may  not  be  utilized  to  greater  advantage.  As  yet  this  field 
remains  i)ractically  unexplored. 

TOXICOLOGY  OF  BORDEAUX  MIXTURE. 

After  so  much  has  been  written-  about  the  (piestionable  nature  of 
fungicides,  considered  from  a  hygienic  standpoint,  the  matter  should 
naturally  be  mentioned  in  this  bulletin.  As  already  shown,  liordeaux 
mixture,  when  freshly  prepai'ed,  is  a  mixture  of  the  basic  sulphates 
and  the  hydroxide  of  copper,  together  with  sulphate  of  calcium.     The 

1  Ward,  H.  Marshall.  On  some  relations  between  host  and  paiasite  in  certain  epi- 
demic diseases  of  plants.  <I*roc.  Koy.  i>oc.  l.ondon,  Vol.  80,  Xo.  21)0,  pp.  393-443; 
see  also  review  by  W.  T.  Swingle  in  .Tonr.  of  Mycology,  ^'ol.  7,  No.  2,  pp.  1.50-152 
An  admirable  discnssion  of  the  comiilex  relations  existiii<;-  bctwe<>n  liost  and  para- 
site, and  slionldbe  consnltedin  this  connection. 

^Powell,  Geo.  T.  The  scare  abont  sprayed  grapes.  <('ult.  and  Connt.  (ient.,  \o\. 
61,  Oct.  15,  1891,  p.  83fi. 

Halsted,  B.  7>.  Are  fungicides  abused.  <(;ar(lcn  ■.nu\  Forest,  Vol.  -1,  July  29,  1891, 
p.  359. 

BoJiart,  F.  La  vigne,  le  vi  i,  et  les  sels  de  cui\  re.  <;.)ouru.  d'Agr.  Prat.,  188H,  50'' 
ann.,  t.  1,  pp.  263-264. 

McCarthy,  Gerald.  Copper  salts  a  possible  source  of  danger.  <^Agr.  8ci.,  Vol.  5, 
June,  1891,  pp.  156-158.  Noticed  in  Cult,  and  Count.  Gent.,  Vol.  61.  .Tune  11,  1891, 
p.  477;  also  in  Southern  Planter,  iiffcy-second  year,  Aug.,  1891,  p.  430. 

Galloway,  B.  T.  The  grape  scare  in  New  Yorl<.  <^Ann.  Report  S(m-.  of  Agr.  for 
1891,  pp.  375-376. 

Barry,  W.  C.     Union  and  Advertiser,  Kocliester,  N.  V.,  .Jan.  27,  1892. 

Fairchild,  D.  G.  Sprayed  fruit  harndess.  <;Democrat  and  CHironicle,  Kocliester. 
N.  Y.,  Feb.  1.  1892. 

Galloway,  B.  T.     Get  rid  of  the  deposit.  <^Ne\v  Yoik  Times,  Sept.  27,  1891. 

Danet.  Contribution  a  Petude  de  I'emploi  des  sels  mincraux  dans  le  traitemeut 
dela  vigne.  <Bull.  et  Mem.  Soc.  d.  M<$d.  Prat,  do  Paris,  1888,  p.  929. 

Bolle,  G.  II  rame  nel  vino  proveniento  da  vignetti  trattate  col  vitriolo  di  rame. 
<\Attiememoried.  SocietaagrariainCorz.,  No.  5  (1886),  referred  to  by  Mach  (seey).  22). 
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tDxir  l)roi>ertie.s,  it  is  evideut,  reside  wholly  in  the  copper  present,  and 
contrary  to  opinions  previously  expressed  by  the  writer  and  commonly 
held  by  physicians,  the  form  in  which  this  copper  is  found  makes  little 
diiference  as  regards  its  toxic  properties,^  so  far  as  animals  are  con- 
cerned. 

While  the  question  which  it  is  necessary  at  this  point  to  discuss  is 
not  whether  copper  is  or  is  not  a  poison,  it  will  add  to  the  strength  of 
the  statements  which  follow  to  remark  that  the  latest  experiments, 
chietly  brought  together  by  Dr.  Tschirch,  professor  of  pharmacy  in  the 
University  of  Bern,  point  out  quite  clearly  that  copper  is  not  to  be 
classed  in  the  same  category  with  arsenic,  lead,  mercui'y,  or  phos])ho- 
rus.  The  distirrbances  brought  about  in  the  animal  organism  by  the 
absorption  of  copper  are  only  temi:)orary,  and  upon  the  suspension  of 
such  absorx)tion  the  organs  soon  return  to  their  normal  functions.^ 
When  small  daily  doses  of  cop])er  are  taken  no  chronic  action  occurs, 
because  the  metal  is  prevented  from  accumulating  in  injurious  quanti- 
ties in  the  liver  l)y  its  elimination  through  the  gall  and  the  urine.^ 
This  latter  fact  is  in  contradiction  to  various  reported  statements, 
especialh'  those  of  Dr.  E.  J.  Lederlie.  of  the  New  York  City  board  of 
health.^  at  the  time  of  the  Xew  York  grape  scare  in  the  autumn  of  1891. 

Bordeaux  mixture  as  it  is  now  applied  to  plants  has  been  questioned 
from  two  standi)oints,  (1)  as  to  the  possible  injurious  effects  upon  the 
human  system  from  fruit  sprayed  with  the  mixture,  and  (2)  as  to  the 
final  effect  upon  the  soil  from  yearly  additions  of  copper  salt.  As  to 
its  effects  upon  the  human  system,  there  are  plainly  two  lines  of  argu- 
ment, both  of  which  point  quite  conclusively  to  the  unreasonableness  of 
the  questions  reached. 

That  we  daily  absorb  small  ([uantities  of  copper  from  ordinary  food 
stuff's  considered  entirely  wholesome,  is  no  longer  a  matter  of  doubt- 
From  repeated  analysis  it  has  been  shown  that  the  amounts  often  aver, 
age  0.95  of  a  milligram  per  kilogram  of  food.-^ 

It  should  be  remembered  that  food  stuffs  often  come  in  contact  with 
copper  vessels  and  are  exposed  to  contamination  from  the  dust  of 
cupric  oxide  blown  from  the  copper  and  brass  fixtures  in  modern  houses, 
and  also  that  many  of  the  ordinary  cereals  and  vegetables  contain,  as 
a  normal  but  necessary  constituent,  small  quantities  of  copper.  Even 
the  leaves  and  fruit  of  the  vine  itself  contain,  as  a  normal  but  not  nec- 
essary constituent  of  their  ashes,  small  (piantities  of  the  chemical  in 


1  Tschirch,  A .  Das Kupfer  vom  Standpnnkte  der  Gerichtlichen  Chemie.  Toxicologie, 
uud  Hygiene.  1893.  Stuttgart,  pp.  138,  p.  67  ff,  and  p.  105.  This  excellent  work, 
which  has  just  appeared,  will  he  found  very  useful  in  settling  numerous  disputed 
points  as  to  the  toxicology  of  copper,  and  is  heartily  recommended  to  those  practi- 
tiouers  who  find  in  the  presence  of  copper  ready  explanation  for  numerous  cases  of 
poisoning  undoubtedly  due  to  toxalbumins  and  ptomaines. 

-  Tschirch,  loc.  cit..  p.  106,  sup.  2. 

3  Tschirch,  loc.  dt.,  p.  114,  sup.  5. 

*New  York  Times.  Sept.  27, 1891. 

^Tschirch,  Joe.  cit,  p.  138. 
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question. '  With  plants,  this  metal  can  not  be  said  to  be  in  any  sense 
an  essential  element,  although,  as  will  be  mentioned  shortly,  plants 
grown  in  soils  artificially  impregnated  with  chopper  absorb  the  metal 
from  such  soils  similarly  to  the  way  in  which  they  absorb  other  non- 
essential elements.  To  illustrate  the  variety  of  plant  substances  which 
have  been  found  to  contain  copper,  the  following  few  analyses  may  be 
cited : 

Copper  has  been  detected  in  wine^;  in  Malaga,  Catawba,  and  Con- 
cord grapes  Avhich  had  never  been  treated  with  copper  mixtures;^  in  the 
foliage  of  vines  gathered  near  Pisa,  Italy,  never  treated  with  copper 
preparations,  but  dusted  with  sulphur;^  in  cherry  brandy;  ^  in  olive  oil;  ^ 
in  the  cocoa  beans  {Theohroma  cacdo),  both  in  the  natural  state  and  after 
■roasting or  drying,  more  particularly  in  the  thin  seed  coats  or  shells;"^  in 
coft'ee;"  in  various  cereals;"  in  potatoes;'"  in  beans  and  carrots  ;^^  and  in 


'The  literature  of  this  subject  has  beeu  well  worked  up  by  Dr.  Tschirch  in  his 
book  already  cited,  chapters  I  and  II  and  a  few  of  the  more  important  references  only 
will  here  be  cited. 

^Peretfi,  1862,  Cited  by  Tschirch,  without  data,  and  notable  as  being  previous  to 
the  discover}^  of  Bordeaux  mixture. 

'-Fenny,  C.  L.  Several  articles  of  food  known  to  be  healthful  found  to  contain 
small  quantities  of  copper.  <^Del.  College  Exp.  8ta.  Second  Ann.  lieport,  1889, 
p.  173.     One  million  X)arts  of  fresh  berries  contained  from  1.01  to  i.29  parts  of  copper. 

■^Sestini,  Fannto.  Del  rame  che  puo  trovarsi  nelle  differ  entti  i)arti  della  vite. 
<^Estratto  Dagli  Aunali  d.  E.  Accademia  do  Agricolture  di  Torino,  Vol.  25,  d.  20, 
Nov.,  1892,  p.  57.  One  million  i)arts  of  the  fi"csh  leaves  yielded  0.17  to  0.60  of  one  part 
of  copper  (see  also  rajyasof/aU,  Chem.  Centralbl.,  1888,  S.  231.  cited  by  Tschirch). 

^Xesslcr.  <^Jouru.  de  Pharm.  d' Alsace-Lorraine,  1882;  Journ.  de  Pharm.  et  de 
Chim.,  1882.  p.  290;  Zeitsch.  f.  Anal.  Chem.,  1883,  S.  33. 

^^Braithwait.  <Pharm,  .Tourn.  and  Transact.,  3d  ser.  Vol.  18,  p.  12.  Cited  by 
Tschirch. 

''Dudaux.  <^Bull.  Soc.  Chim.,  Vol.  16,  i».  35.  Galippe.  <^Journ.  de  Pharm.  et  de 
Chim.,  1883,  p.  505 ;  Rei)ert  d.  Pharm.,  Vol.  11,  p.  277.  One  million  parts  of  the  natural 
cocoa  contained  11.2  to  28.8  j)arts  and  the  same  quantity  of  the  dried  or  roasted  cocoa 
yielded  14.0  to  29.2  parts  of  the  metal,  according  to  Galippe.  Duclaux  found  9  to  40 
parts  per  million  in  the  roasted  beans  and  observed  enormous  amounts  in  the  shells, 
200  to  225  parts  per  million.  Various  other  authors  are  quoted  by  Tschirch,  loc.  cit.,  p. 
6,  as  having  found  copper  in  cocoa  (consult  Pharin.  Rundschau,  1883,  S.  195;  Arch.  d. 
Pharm.  (3),  Vol.16,  S.  552;  Pharm.  Centralhalle,  1883,  S.  268;  Pharm.  Zeit,  1883,  Xo. 
67;  Jahresb.  d.  Pharm.  1883). 

'Sarzcau.  <Journ.  Pharm..  1830,  p.  505;  Pharm.  Centralbl.,  1830,  S.  409;  Arch. 
Pharm.,  1853,  75,  S.  260,  cited  by  Tachirch,  p.  6;  see  also  Galijipe  loc.  cit. 

^Sarzeau.  <Arch.  de  Pharm.,  1853,  75,  S.  260;  Journ.  Pharm.,  1832,  p.  217;  Pharm. 
Centralbl.,  1832,  S.  319;  Journ.  Pharm.,  1832,  p.  653;  Pharm.  Centralbl.,  1833,  S.  4. 
Cited  by  Tschirch.  BoidUjny.  <Journ.  de  Chim.  med.,  1833;  Pharm.  Centralhalle, 
1833,8.250.  Cited  by  Tschirch.  Van  der  Bercjhe.  < Journ.  Pharm.  et  Chim.,  1882, 
p.  28  (Soc.  de  med,  de  Gand.).  Cited  by  Tschircb,  In  one  million  pr.rts  of  grain 
(kind  not  stated)  from  0.0184  to  0.0216  of  a  part  of  copper  was  found. 

^'^Deschamps.  <Bull.  de  I'Acad.  de  M6d.,  1847,  t.  13,  p.  542.  One  million  parts  con- 
taining 2.8  parts  of  copper.  Cited  by  Tschirch,  p.  8,  Sup.  3.  NeaU,  A.  T.  Cited  on 
p.  22  of  this  bulletin. 

11  Galippe.     Cited  by  Tschirch,  p.  8,  Sup.  4. 
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a  lai'o'e  immber  of  canned  goods,  such  as  a])ricots,  gooseberries,  cur 
rants,  raspberries,  peaclies.  pears,  and  pineapple  strawberries  {Fraf/aria 
(irnmUiiora),  wliicli  had  not  been  subjected  to  the  regreening process  by- 
copper  suli)hate.^ 

xVlthough  the  above  list  could  be  greatly  enlarged  and  the  number  of 
analyses  perhaps  tripled,  enough  instances  have  been  cited  to  show 
beyond  question  that  the  presence  of  copper  in  vegetable  substances  is 
more  than  merely  occasional — it  is  common.  x\s  for  its  presence  in  ani- 
mal substances,  it  will  be  sufficient  for  the  ])resent  purpose  to  refer  to 
a  few  of  the  host  of  i)ositive  analyses  which  have  been  made.  Copper 
has  been  found  in  the  feathers  of  an  African  bird,  the  Turaco-;  in  oys- 
ters and  mussels"":  in  tunicates  and  fresh  and  salt  water  crabs^;  in 
guano^;  in  beef  liver'^:  in  oxen's  tlesh  and  oxen's  blood';  in  the  livers 
of  sheep,  calves,  beeves,  dogs,  and  cats;  in  the  kidneysof  beeves,  sheep, 
and  rabbits";  and  in  the  flesh  and  liver  of  human  beings."  Although 
in  the  human  b(>dy  and  ])robably  in  any  of  the  higher  animals  the  cop- 
l)er  can  not  be  sai<l  to  form  a  normal  constituent  of  the  animal  sub- 
stance, in  the  blood  of  certain  invertebrates  this  seems  not  to  be  the 
case.  Tiie  copper  found  in  the  blood  of  crustaceans,  cephalopods,  and 
gasteropods,  tirst  found  by  Harless'",  is.  according  to  Fredericcj^',  in  the 


1  Mayrlxofer  X.  <Vers.  Bayr.  Cbem.  Augsburj;-,  1891,,  S.  81.  Cited  by  Tscbirch,  p.  8. 
''Beziiglich  der  (natiirlicb  neugekupferten)  Couserven  macbt  ^Nfayrbol'er  folgende 
Ausgabeu:  Er  fand  im  Kilogram  Hasehiiisse.  0.0031,  Weicbscdkirscbeii,  Ai)rikoseu 
0.001,  Hagebutten  0.0028,  Stacbelbeeren  0.0042.  Johamiisbeereu  0.008,  PfirsicbeO.0055, 
Himbeereii  0.0042,  Birnen  0.0042.  Ananas-Erdbeeren  0.008."' 

•^Church.  Gmeliu.s  Haudbueb.  4^  Aufl..S.  235.5;  Cbem.  News.  1869,8.265:  Ber.  d. 
Deiitscb.  Cbem.  Ges.,  1870.  S.  459.  Five  to  8  per  cent  of  tbe  coloring  matter,  called 
turacin,  was  found  to  consist  of  copper.     Cited  by  Tscbircb,  p.  10. 

•Cnzent.  <Jour.  f.  prakt.  Cbem.,  ^?s,  S.  446.  Cited  by  Tscbircb.  ]>.  IS.  Observed 
by  various  other  authors.  One  kilogram  of  oysters  was  found  to  contain  2  grams  of 
copper  (2,000  parts  per  million). 

^Hilzer.  <Ber.  d.  bayr.  Cbemiker,  1892,  S.  29.  Cited  by  Tscbircb,  p.  18.  One  million 
parts  contained  20  parts  of  copper. 

^  TVicTce.  <]Xacliricbten  d.  Gottingeu  Ges.  d.  Wiss..  1864,  S.  275.  Cited  by  Tscbircb. 
p.  18.     One  million  parts  contained  12  parts  of  copper. 

'^  Penny,  oj).  c/f.,p.273.    One  nullion  parts  contained  56.62  to  58.85  ])arts  of  coi)])er. 

' Sarzeau.  lor.  dt.     One  miilion  x>arts  contained  1  part  of  copper. 

^Leh))ia)ni.  <ix.  Vers,  der  bayr.  Cbemiker  in  Kegensburg,  Vol.  9,  1892,  p.  18. 
Cited  by  Tscbircb.  p.  18.  One  million  parts  of  sbeex)'s  liver  yielded  18  j^arts;  calves' 
liver,  48  parts;  beeves'  liver,  51  parts:  dogs'  and  cats'  liver,  10  to  12  parts;  and 
beeves',  sheep's,  and  rabbits'  kidneys,  3.8  to  8  parts  of  metallic  copper. 

■Tschirch,  7.  c,  pp.  18, 19.  Cites  13  published  cases  where  coi)per  bas  been  found 
in  tbe  human  body  in  amounts  varying,  in  tbe  case  of  aualj'ses  of  liver,  from  1  to  295 
grams  in  each  liver,  and  remarks  on  p.  17:  '^Die  Beobachtungeu  sind  so  zablreicb, 
dass  ein  Zweifel  dariiber  nicht  bestehen  kaun.  dass  das  in  der  That  eine  ganz  ausser- 
ordentlicbe  Verbreitungbesitzt." 

^'^Harless.     <Miiller's  Arcb.,  1846,  ]).  142,  and  1847,  p.  148. 

^^Fredericq.  <^Comi)t.  rend..  1878;  Bull,  de  I'Acad.  des  Sci.  de  Tielgique.  1878,  No. 
2,  p.  549,  and  1879.  See  also  Kruleiiherf/.  <Vergl,  Pbys.  Studien.  3,  1880,  p.  76;  Cen- 
tralbl.  f.  d.  med.  Wissenscb..  1880;  Gamgee,  Physiological  Chemistry,  1880,  p.  132, 
where  tbe  literature  is  giveu  very  fully.     All  references  from  Tscbircb,  op.  cit.,  p.  11. 
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form  of  a  copper  albuminate,  which  he  calls  iKvmocyanin  and  wliich  acts 
as  a  resi^iratory  albuminous  substance  like  hicmoglobin. 

While,  as  remarked  by  McElroy,^  the  fact  that  copper  has  been  found 
in  so  many  plant  and  animal  food  stuffs  does  not  i^roye  its  innocuous 
nature,  still  when  taken  in  connection  with  the  ^i>Teat  dearth  of  evidence 
as  to  its  poisonous  properties  and  the  direct  experiments  lately  com- 
pleted by  Tschirch^  upon  several  of  tlie  lower  animals,  they  certainly 
throw  the  burden  of  proof  upon  those  who  would  put  copper  among-  the 
really  poisonous  metals.  The  experiments  above  alluded  to  comprised 
feeding  tests  and  subcutaneous  injection  expeiiments  with  rabbits, 
dogs,  and  frogs,  and  led  the  author  to  the  general  conclusion  that  the 
most  insoluble  as  well  as  the  most  soluble  salts  of  copper  react  alike  on 
the  animal  organism.  These  experiments  on  the  lower  animals  Avhen 
taken  in  connection  with  those  carried  on  recently  by  Lehman*  upon 
liis  pupils,  seem  to  affirm  (^uite  positively  that  daily  doses  of  the  various 
copper  salts  containing  from  10  to  30  milligrams  of  copper  jjer  kilogram 
(10  parts  to  30  parts  in  a  million)  are  not  likely  to  cause  the  least  dis- 
turbance. 

In  the  light  of  these  modern  views  as  to  the  toxic  nature  of  copper, 
ail  fears  can  be  allayed  by  the  statement  that  fruit  upon  which  Bor- 
deaux mixture  is  not  only  plainly  visible,  but  i^ronouncedly  so,  when 
subjected  to  analysis  has  been  found  to  contain  less  than  50  parts  of 
copper  in  a  million  parts  of  the  grapes,  including  the  stems."^     If  the 

^McElroji,  K.  P.  Foods  and  food  adulterants.  <  Div.  of  Chemistry,  Bull.  No. 
13,  part  8,  U.  S.  Dept.  Agr.,  1893,  p.  1045.  An  unusually  large  number  of  analyses 
of  vegetables  are  given  in  the  l)ulletin,  and  it  is  worthy  of  note  that  the  quantities 
of  copper  found  in  canned  peas  bought  in  Washington  markets  exceeded  in  nearly 
every  case  the  usual  amount  of  coi^per  found  upon  treated  grapes.  Thirty-eight  sam- 
ples of  French  peas  yielded  from  15.8  to  157.7milligram8  per  kilogram,  and  of  43  sam- 
ples of  American  peas  29  contained  copper,  in  16  of  Avhieh  the  amounts  exceeded  10 
milligrams,  the  limits  being  from  10.8  to  74  milligrams  ])er  kilogram.  The  maximum 
amount  found  upon  treated  grapes  is  17  milligrams  per  kilogram  of  l)erries  and  stems. 

-Tschirch,  loc  cit.,  Theil.  ii. 

=  Miinch.  med.  AVochenschr.,  1891,  Nos.  .35  u.  36.     Cited  by  Tschirch. 

■^The  literature  on  this  part  of  the  subject  is  also  in  part  collected  by  Tschirch, 
op.  cit.  In  addition  to  references  there  cited  the  following  may  be  mentioned  as 
important:  (Triessinayer  (see -p.  23).  Rossel,  A.  <Jour.  d'Agr.  Suisse,  Geneva,  1886, 
Xo.  49  (review  in  Just's  Bot.  Jahr.,  1887,  2te  Abth.,  14,  p.  358).  Mach,  E.  Bericht  ilber 
die  Ergebniss  der  im  Jahro  1886  ausgefiihrten  Versuche  zur  Bekiimpfung  der  Peronos- 
pora.  <Tirol.  landw.  Bliitter,  1887, vi,  S.  37-53  (review  in  Jahrb.  iiber  d.  Agr.  Chem. 
(Hilger),  1887,  p.  270).  Millardetet  (rayon,  loe.  cit.  Penny,  C.L.,  loo.  cit.  One  million 
parts  contained  from  2.4  to  6.23  parts  of  copper.  Galloway,  B.  T.,  and  Fairchild,  I).  G. 
Experiments  in  the  treatment  of  plant  diseases,  Part  i.  <^Jour.  of  Mycol.,  ^^ol.6  i)p. 
94,95.  Fivepartsofcopperpermillion  of  grapes.  Neale,  A.T.  Absorption  of  copper 
by  potatoes,  and  copper  on  grapes.  <^Del.  Exp.  8ta.  Third  Ann.  Report,  1890-'91,  p.  23. 
Shows  sprayed  grapes,  on  wliich  Bordeaux  mixture  was  visible  and  perceptible  to 
the  taste  to  contain  47  parts  per  million.  This  is  the  largest  amount  reported,  and 
the  report  lacks  entirely  in  detail.  Maynard,  Samuel  T.  The  amount  of  copper  on 
vsprayed  fruit,  <Mass.  Hatch  Exp.  Sta.  Biill.  No.  17,  pp.  38-40.  The  amount  of 
copper  from  grapes  badly  disfigured  with  the  Bordeaux  mixture  was  only  20  parts 
of  the  oxide  or  15.9  parts  of  metallic  copper  in  one  million.  One  peck  of  apples 
sprayed  3  times  (dates  not  gis^en)  yielded  1.4  milligrams  of  copper  oxide. 


skins  of  such  heavily  treated  grapes  aie  eaten,  the  taste  of  copper  can 
be  easily  recognized.  If  the  consumer  will  avoid  eating  fruits  which 
have  a  pronounced  coi)per  flavor  he  will  avoid  even  the  fancied  danger 
from  copper  poisoning,  but  since  tintreated  fruit  may  contain  the  metal 
he  will  never  be  able  to  avoid  the  absorption  of  small  quantities  of 
copper  in  one  of  its  various  compounds. 

After  what  has  been  said  it  can  be  easih'  seen  that  the  wines  made 
from  treated  grapes  are  in  no  way  open  to  suspicion.  It  will  only  be 
necessary  here  to  refer  to  the  hosts  of  analyses  of  wines  which  have 
been  repeatedly  and  carefully  made.  These  analyses  show  that  the 
amount  of  copper  present  seldom  if  ever  exceeds  10  parts  per  million, 
and  in  the  vast  majority  of  cases  does  not  reach  the  insignificant 
amount  of  J  part  per  million.' 

The  somewhat  remarkable  absence  of  copper  from  wines  made  from 
gTapes  heavily  treated  witli  Bordeaux  mixttire  has  been  a  matter  of  con- 
siderable discussion,  and  the  manner  of  the  disapx^earance  of  the  copper 
has  not  been  satistactorily  settled.  It  has  been  claimed  by  Quantin-  that 
the  copper  salt  is  converted  during  the  fermentation  of  the  must  into  the 
sulphide,  which  is  insoluble  in  the  acids  of  the  Avine.  and  this  view  is 
partially  supported  by  the  observation  of  Sostegni  -  and  (rayon  and 
Millardet.^  that  the  sulphur  used  against  the  Oidiuni  aids  in  the  removal 
of  the  copi:>er.  It  is  claimed  by  these  authors  and  also  by  ( 'arpene'  that 
the  sulphur  is  transformed  into  hydrogen  sulphide  during  fermentation, 


'  Griessmayer.  Ueber  deu  Eintiuss  des  Weiustocks  niit  Ku])feisulfat  anf  den  Kup- 
fergehalt  der  Weinprodukte.  <^Allgeiii.  Brauei-  uud  Hojitienzeitnng,  27,  Jahrg., 
1887,  No.  5,  S.  57  (reviewed  in  Biedermanirs  Cent.  f.  Agr.  Chem..  16.  Jahrg.,  1887, 
)».  .573).  MiUardef  ei  Gayon.  Recherelie  du  cuivre  snr  les  vignes  traitees  par 
le  melange  de  chaux  et  de  sulfate  de  cuivre  et  dans  la  recolte.  <^Jour.  d'Agr. 
Prat.,  1885,  49<^  ann.,  t.  2.  pp.  782-734.  MiUardef  et  Gayon.  Effets  du  mildiou  sur 
la  vigne,  intiuence  d"un  traitement  efficaee.  <CJbid.,  1885,  49'"  ami.,  t.  2,  pp.  627-629. 
Fallot,  B.  Le  cuivre  dans  les  vins.  <Prog.  Agr.  et  Vit..  1889,  t.  11,  6^  ann..  pp. 
492-496;  506-510.  Chuard.  E.  Kupfergehalt  von  Reben,  welche  mit  Vitriollosung 
leliandelt  wurden  und  Ausscheidung  derselben.  <^fScli\veiz.  landw.  Zeitsch., 
1889,  Bd.  17.  p.  4.37.  (Rca  iew  in  Jahr.  li.  d.  Fortseli.  d.  Agr.  ("Lem..  1889,  Bd.  12,  X.  F., 
p.  267.  Freclioa.  Le  black  rot  et  les  vins  des  vignes  traitees.  <^Jour.  de  I'Agr.  (Bar- 
ral),  18S9,  24'",  ann.  t.  1,  pp.  649-652,  Carpent,  A.  II  rame  nel  vino  e  nelle  derrate 
alimentari  ecc,  Torino,  1890,  pp,  28.  Mach.  E.  Teber  deu  Kupfergehalt  der  Weine 
aus  Weingiirten,  die  zur  Bekiimpfung  der  Peronospora  mit  Kupforvitriol  behaudelt 
wurden.  <Tiroler  landw.  Blatter,  Jalirg.  5.  Xo.  13,  1886,  pp.  129-132.  Comhoni,  E. 
Ricerche  sopra  uve,  mosti  e  vini  provenienti  da  vitigni  trattati  oon  rbiiedi  a  V)ase  di 
rame.  <Rassegna  di  Vit.  ed  End,,  1889.  pp.  225-229. 

-  Qnant'in,  H.  Sur  le  mechanisme  de  la  disparition  du  cuivre  dans  les  vins  prove- 
nant  de  vignes  traitees  par  les  sels  de  ce  metal.  <.Tour,  de  I'Agr,  (Barral).  1889, 
ann"!  22,  t.  1,  pp.  659-663. 

''Sostegni,  Livio.  Sulla  pricipitazione  del  rame  in  mosti  e  vini  provenienti  da  uve 
trattate  con  1  rimedi  contenente  sali  di  rame  usati  per  combattere  la  peronospora 
delia  vite,     <Le  Staz,  Sper.  Agrar,  ItaL.  Vol.  15,  1888.  pp.  25-37. 

'  Gayon  et  MiUardef.  Le  cuivre  dans  les  seconds  vins  et  dans  les  picpiettes.  <^.Iour. 
d'Agr.  Prat,,  1886,  50^  ann..  t.  2.  pp.  618-619. 

"•  Carpetie,  foe.  cif.,  j).  14. 
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and  by  its  action  on  the  copper  salt  which  has  been  dissolved  by  the 
acids  of  tlie  wine  converts  tlie  copper  into  the  sulphide,  which  is  insolu- 
ble in  the  acetic  acid  of  the  must.  It  seems  more  probable,  however, 
as  has  been  pointed  out  by  Tschirch,  that  the  action  of  chlorophyll 
in  the  skins  of  the  berries  brings  about,  in  the  process  of  fermentation, 
a  chemical  combination  with  the  copper.  This  compound  of  copper  and 
chlorophyll  ha?,  been  called  copper  phyllocyanate^  {KiipferphijUocnanat)^ 
and  its  presence  in  the  must  furnishes  the  best  explanation  which  has 
been  offered  of  the  removal  of  the  copper  from  wines  made  with  treated 
grapes. 

In  conclusion,  the  only  warning  that  seems  necessary  in  the  use  of 
this  mixture  is  to  spray  with  care  toward  the  time  of  maturation  of 
the  fruit,  decrease  the  strength  of  the  mixture  as  the  season  advances, 
and  do  not  attempt  to  market  badly  spotted  specimens. 

With  regard  to  the  effects  of  copper  sulphate  on  plants  and  soil, 
much  has  been  written,  and  yet  little  is  to  be  found  in  th<'  liteiature 
really  relevant  to  tlie  toxic  action  of  Bordeaux  mixture.  As  pre- 
viously explained,  the  mixture  contains  no  free  sulphate  of  copper, 
and  hence  a.11  soil  tests  and  experiments  with  sprouting  seeds  in  which 
solutions  of  coi^per  sulphate  have  been  used  throw  little  light  upon  the 
action  of  the  fungicide  in  question.  The  investigations  of  Haselhoff'^  on 
the  action  of  waters  containing  copper  sulphate  and  copper  nitrate 
have  been  cited  '  in  support  of  the  opinion  that  Bordeaux  mixture  will 
prove  injurious  to  vegetation  if  used  continuously  on  growing  crops. 
As  will  be  shown  later,  a  close  analogy  does  not  exist  between  the 
action  of  easily  soluble  copper  salts  and  nearly  insoluble  ones.  Pear- 
son^ has  gone  so  far  as  to  claim  that  the  surface-feeding  weeds  in 
treated  vineyards  have  been  affected  by  the  copper  used  in  spraying 
the  vines.  As  no  definite  experiments  were  carried  on  by  the  author, 
and  in  view  of  the  contradictory  evidence,  it  seems  improbable  that 
the  inferior  growth  of  the  surface  weeds  noticed  by  Col.  Pearson  is  to 
be  attributed  to  the  action  of  Bordeaux  mixture. 

While  the  paper  by  Dr.  Ilaselhoff',  above  referred  to,  mainly  concerns 
the  action  of  soluble  copper  salts,  the  conclusions  reached  as  regards 
tbe  action  of  calcium  carbonate  in  the  soil  have  a  distinct  application 
to  the  question  under  consideration.     In  his  experiments  the  author 


^Tschirch,  op.  cit.,  pp.  27-55.  The  author  gives  the  formula  of  copper  phyllocya- 
iiatc  (C24H:7N204);Ca,  and  has  studied  it  with  especial  reference  to  revcrdisstu/e.  It 
is  soluble  in  concentrated  alcohol  and  chloroforui,  but  insoluble  in  acetic  and  hydro- 
chloric acid  and  only  slightly  soluble  in  ether. 

- Hqselhoff,  EmU.  T'eber  die  schiidigende  A\'irkung  von  Kupfersulfat-  und  Kup- 
fernitrathaltigem  Wasser  auf  Boden  und  Pflauzen.  <Laud\v.  .Tahrb.  (Thiel), 
Bd.  21,  1892,  Heft  1  iiud  2,  ])p.  263-276. 

^•McCarthy,  Gerald.  Copper  salts  a  possible  S(inr(<'  of  (bingcr.  <Agr.  8ci..  Vol.- 
5,  June,  1891,  pp.  156-15!^. 

^Pearson,  A.  W.  Copper  salts  and  vegetation.  <Garden  and  Forest,  Vol.  t, 
Oct.  21,  1891,  pp.  498-500. 
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tested  the  action  of  weak  solutions  of  copper  sulpli  ate  and  nitrate  upon 
oats,  barley,  and  mixed  grasses;  and  while  he  ascertained  that  solu- 
tions containing  10 : 1.000,000  of  copper  oxide  as  sul[)hate^  were  injurious 
to  the  roots  of  these  plants,  he  also  established  the  fact  that  the 
presence  of  calcium  carbonate  in  the  soil  hinders  the  poisonous  action 
of  the  solution  by  uniting  with  the  copper  sulphate  and  producing  an 
insoluble  copper  compound.  The  analogy  between  the  action  of  the 
highly  calcareous  soil  of  Dr.  Haselhoff  and  the  hydrate  and  carbonate 
of  lime  used  in  the  preparation  of  Bordeanx  mixture  are  at  least  sug- 
gestive, especially  when  it  is  remembered  that  the  reaction  between 
the  lime  and  the  sul})hate  has  taken  place  before  Bordeaux  mixture 
is  applied  to  the  soil.  It  can  not.  be  doubted  also  that  the  excess  of 
calcium  hydrate  employed  is  converted  into  the  carbonate  by  the  action 
of  the  Vi)2  of  the  air  and  renmins  ready  to  counteract  any  tendency  to 
a  solution  of  the  copper  hydrate,  or  to  at  least  perform  the  same  office 
that  it  was  found  to  pertbrm  in  the  experiments  above  referred  to. 

In  addition  to  the  work  of  J)r.  Haselhoft',  which  is  in  many  respects 
the  most  extensive  that  has  been  published,  Berlese  and  Sostegni,^ 
Schroeder  and  Eeuss,'  and  Pammel^  have  studied  the  subject  without 
throwing  any  considerable  light  on  it.  The  ex])eriments  of  the  tirst  four 
authors  mentioned  confirm  those  obtained  by  Haselhoff  in  showing  the 
great  absorptive  and  neutralizing  power  of  soils  towards  copper  sul- 
phate: and  the  tests  of  Pammel,  although  not  on  as  large  a  scale  as 
could  be  wished,  point  to  the  innocuous  nature  of  Bordeaux  mix- 
ture on  the  corn  plant  during  development,  which,  according  to  Hasel- 
hoff, is  especially  susceptible  to  the  action  of  copper  sulphate.  The 
experiments  of  Beach  "^  in  this  connection  are  i)articularl3'  interesting, 
and  I  regret  that  both  series  have  not  yet  been  i^ublished.  In  the  first 
series  made  in  1892  the  author  tested  the  effect  of  solutions  of  copper 
sulphate  on  the  germination  and  growth  of  tomatoes,  peas,  and  wheat 
in  the  greenhouse.  As  might  have  l)een  expected,  the  solution  seriously 
injured  the  plants,  being  used  in  the  relatively  enormous  quantities  of 
5  parts  of  copper  sulj^hate  to  each  100  parts  of  soil.     While  the  seeds 


'  Equivalent  to  HI. 49  milli.uTains  of  r-op])er  siil])hate  crystals  (CUSO4,  ."i  H-O)  in  1 
liter  of  water. 

-Berlese.  A.  X.,  ed  Sostef/ni.  L.  Osservazioui  sull'  idea  di  preservare  le  vite  dal 
invasione  della  Peronospora  median te  la  cura  interna  preventiva  eon  solfato  di  rame. 
<8taz.  Sper.  Agr.  Italiene.  Vol.  21,  1891,  pp.  229-233. 

"^  '<chroeder,  J.  ron,  und  Keiiss,  C.  Die  Beschtidigung  der  Vegetation  durch  Ranch  und 
die  Oberharzei  Hiittenranchscliaden.  <;Uuter  Beihlilfe  d.  Kgl.  Preuss.  Miuist.  f. 
LandAvirtb.  Domanen  n.  Forsteii,  4-,  333  p.,  nnd  Anhang.  Tierliu  1883  (review  m 
Bot.  Centralbl..  1883.  Bd.  16,  p.  368;  original  not  seen). 

■^  Pammel,  L.H.  The  elfect  of  fungicides  on  the  development  of  corn.  <Agr.  8ci. 
Vol.  6,  1892.  pp.  217-220. 

■Beach,  S.  J.  Co])per  soils  and  vegetati(m.  <("ult.  and  Conntry  (ient..  Vol.  57, 
Jan.  28,  1892,  p.  68.  Intinencc  of  copper  comi)ounds  in  soils  on  vegetation.  <^X.  Y. 
State  Agr.  Exp.  Sta.  Bull.  Xo.  41.  new  ser..  A])r..  1S92.  pp.  3r)-13. 
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uniformly  germinated  more  quickly,  the  ])Iaiits  were  greatly  stunted, 
and  ripened  their  fruits  prematurely  whene^  er  any  were  formed.  The 
tomato  plants  also  absorbed  large  quantities  of  the  copper,  608  parts 
•pev  million  of  the  dr^*  substance.  In  a  subsequent  series  of  experiments 
Avhich  I  had  the  pleasure  of  examining  personallj',  and  through  the 
kindness  of  Prof.  Beach  have  the  privilege  of  mentioning,  the  plants 
were  grown  in  soils  containing  large  amounts  of  1  Bordeaux  mixture. 
The  effect  of  the  mixture  was  very  striking,  but  to  the  surprise  of  both 
Prof.  Beach  and  myself  it  had  a  beneficial  rather  than  deleterious  action. 
The  plants  grown  in  soils  coutaining  Bordeaux  mixture  were  large  and 
better  developed  than  those  grown  in  check  soils.  Jones'  records  a 
beneficial  effect  from  a  six  liours"  emersion  of  seed  corn  in  an  11- 
gallon  formula  of  the  ndxture,  and  the  experiments  of  Kellerman^  upon 
the  treatment  of  wheat  smut  with  Bordeaux  mixture  ixnnt  to  the 
innocuous  action  of  the  mixture  upon  the  seeds  of  cereals. 

The  only  conclusion  which  seems  deducible  from  the  experiments  that 
have  so  far  been  made  is  that  Bordeaux  mixture  has  not  an  injurious 
action  upon  the  wsoil  and  is  not  in  any  sense  likely  to  bring  about  its 
sterility.  The  very  fact  that  a  (luantity  of  lime  more  than  equaling 
that  necessary  to  neutralize  the  copper  sulphate  is  added  to  the  soil  at 
each  application  of  the  mixture  renders  any  serious  action  upon  the 
plants  quite  improbable. 

As  to  the  action  of  Bordeaux  mixture  upon  the  green  parts  ot 
plants,  we  are  in  possessicm  of  only  the  scantiest  information.  Xumer 
ous  cases  have  been  recorded  of  serious  injury  to  the  foliage  from  its 
use.  Weed,^  Gothe/  Chester,^  and  Ualloway *^  have  shown  its  occasional 
injurious  nature.  But  as  pointed  out  by  (ialloway  and  Gothe,  and 
corroborated  by  a  knowledge  of  the  chemical  composition  of  the  mix- 
ture, this  injury  is  owing  to  the  use  of  air- slaked  lime  in  its  preparation. 
It  is  probable  that  the  use  of  air-slaked  lime  not  only  causes  injury  from 
leaving  a  small  amount  of  copper  sulphate  in  solution,  but  from  the 
formation  of  the  basic  sulphate  of  copx^er.  which  in  itself  is  injurious. 
In  the  use  of  Bordeaux  mixture  prepared  with  freshly  slaked  lime  it  is 
conceivable  that  injury  may  occasionally  result  if  the  two  substances 
are  not  thoroughly  mixed  and  the  solutions  of  copper  sulphate  and  lime 


^  Jones,  L.  R.  The  effect  of  various  fungicidal  treatments  upon  the  vitality  of  seed 
com.     <Vt.  Agr.  Exp.  Sta.  Fifth  Ann.  Report,  1891,  pp.  138-141. 

-  Keller  man,  W.  A.  Test  of  fungicides  to  prevent  loose  smut  of  wheat.  <^Kans. 
Agr.  Exp.  Sta.  Bull.  No.  22,  1891,  p.  84. 

^Weed,  C.  AT.  A  season's  work  among  the  enemies  of  the  horticulturist.  <^J()ur. 
Columbus  Hort.  Soc,  Vol.  4.,  Dec,  1889,  pp.  94-106. 

^  Gothe.  Zur  Bekampfung  des  Apfelrostes.  <  Garten  flora,  1S89.  3s.  .lalir..  Heft  9, 
p.  241. 

^Chester,  F.  D.  A  few  common  diseases  of  crops  and  their  treatment.  <l)el.  Agr 
Exp.  Sta.  Bull.  Xo.  15,  Jan.,  1892,  pp.  16. 

^'^  Galloicay,  B.  T.  Experiments  in  the  treatuieut  of  pear  leaf  blight,  cracking,  and 
scab.     <Div.  of  Veg.  Path.,  Bull.  Xo.  3.  V.  S.  Dept.  of  Agr..  1892.  p)).  39.40. 
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are  too  conceutrated.  In  this  way  the  excess  of  lime  may  not  be  brought 
in  contact  with  the  basic  sulphate,  and  this  latter  may  not  be  given  an 
opportunity  to  be  transformed  into  the  hydroxide.' 

Aside  from  this  injurious  nature  of  the  mixture,  which  is  easily 
explained,  there  is  scattering-  evidence  to  show  that  besides  i)reventing 
the  attacks  of  parasitic  fungi  the  mixture  is  actually  a  benefit  to  the 
foliage  of  certain  plants.  In  a  recent  article  by  liumm-  it  is  reported 
that  the  grapes  on  vines  treated  with  liordeaux  mixture  in  the  neighbor- 
hood of  Bonningheim,  Wiirtemburg.  matured  two  weeks  earlier  than 
those  on  untreated  vines.  The  authcn-  is  inclined  to  consider  such  a 
hastening  in  maturity  as  independent  of  the  action  of  the  mildeu',  and 
reports  its  occurrence  in  vineyards  in  which  the  mihlew  is  not  present. 
In  America,  however,  such  a  hastening  seems  not  to  have  been  noticed, 
even  in  regions  where  every  device  for  securing  an  early  ripening  is 
resorted  to.  Were  such  a  pronounced  hastening  actually  x)roduced  it 
could  not  have  escaped  tlie  notice  of  the  many  intelligent  vineyardists 
who  have  been  using  the  mixture  for  years.  In  a  series  of  experiments 
in  the  treatment  of  the  black  rot  of  the  graj^e  conducted  in  Virginia  in 
18113  not  only  was  there  no  hastening  of  maturity,  but  an  actual  retard- 
ing intinence  was  observed.  The  grapes  on  vines  treated  from  one  to  five 
times  with  Bordeaux  mixture  of  various  strengths  were  at  least  seven 
days  from  maturity  when  those  on  untreated  vines  were  ripe  enough  to 
market.  When  it  is  remembered  that  no  leaf  disease  was  i^resent  in 
this  vineyard  the  evidence  seems  to  be  strongly  opi)osed  to  the  view 
that  Bordeaux  mixture  actually  hastens  the  maturation  of  grapes. 
Xothing  of  importance  seems  to  have  been  observed  as  to  its  effect  upon 
other  fruits  in  this  respect.  Begarding  the  eftect  noon  foliage  there  is 
evidence  that  leaves  treated  with  the  mixture  are  greener  than  those 
not  so  treated.  I  can  not.  however,  agree  with  Bumm  that  enough 
evidence  has  been  brought  together  to  show  that  the  mixture  acts  as  a 
chemical  stimulus,  tending  to  the  increase  in  size  of  the  chlorophyll- 
bearing  cells.  Further,  that  the  copper  itself  is  the  active  element 
seems  to  be  improbable,  since  the  action  of  cor)per  sulphate  or  any  of  the 
other  copper  compounds  so  far  employed  is  rather  to  injure  tlie  foliage 
than  to  assist  it  in  assimilation.'^     The  work  of  Cuboni^  seems  not  to 


'  Sostegni  has  shown  that  the  basic  sulphate  is  jiresent  iu  Bordeaux  mixture  as  ordi- 
narily formed  {see  discussion  of  the  chemistry  of  this  mixture  on  j),  12  ct  seq). 

^ liumm,  C.  Ueber  die  Wirkun*^  der  Kupferpriiparate  bei  Bekiimpfung  der  soge- 
nauuten  Blattfallkraukheit  der  Weiurebe.  <Ber.  d.  Dent.  Bot.  Ges.,  Bd.  11.  Heft  2, 
1893,  p]>.  79-98;  Ilnd,  Heft  7,  i^p.  445—152.  See  also  adverse  critical  reviews  by  Zim- 
mennaun  in  Bot.  Centralbl.,  1X93,  Xo.  23,  p.  308;  Xos.  29,  .30.  j)]..  1  H».  120:  and  Ader- 
hoJd  in  Bot.  Zeit.,  Xo.  11,  1893,  p.  162. 

•^The  reported  cases  of  injurv-  from  the  use  of  cojjper  sjilphate  ar«'  exceedingly 
numerous. 

^  CrOwni.  G.  La  transpirazione  e  rassimilazione  nelle  fooUe  trattate  eon  L-iTte  di 
calce.     <Malpio:hia,  Ann.  1,  fasc  8. 
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have  been  noticed  by  tliivS  author,  and  points  out  a  line  of  investigation 
which  deserves  attention.  Cuboni's  experiments  show  that  a  thin 
coating  of  Ume  spread  upon  tlie  leaves  of  the  vine  increases  the  nightly 
transpiration  and  tends  to  decrease  the  fluctuations  between  daily  and 
nightly  transpiration.  The  excess  of  lime  in  Bordeaux  mixture  quite 
probably  produces  the  same  effect  as  when  lime  is  used  alone,  and  offers 
a  more  j^romising  held  of  investigation  than  that  suggested  by  Eumm. 
From  my  own  observations  on  the  effect  of  various  insoluble  copper 
salts  on  the  foliage  of  the  pear  I  am  not  inclined  to  the  opinion  that  the 
explanation  of  Eumm  is  conclusive,  but,  on  the  contrary,  am  more  of 
the  belief  that  it  is  only  the  mixtures  containing  lime  which  have  a 
stimulating  effect  on  the  foliage.  That  the  whole  matter  needs  a 
thorough  investigation  is  evident,  and  such  studies,  as  well  as  those 
relative  to  the  reported'  increase  in  amount  of  sugar  produced  as  a 
result  of  treatment,  ])romise  to  yield  valuable  results. 

BORDEAUX  MIXTURE  COMBINED  WITH  INSECTICIDES. 

As  first  pointed  (mt  by  Weed,-  the  arsenites  can  be  added  to  Bor- 
deaux mixture  with  considerable  advantage.  Instead  of  making  sep- 
arate applications  with  the  insecticide  and  fungicide,  the  two  substances 
are  mixed  together  and  the  same  end  accomplished  with  one  treatment. 
The  advantages  of  such  a  cond)ination  are  too  evident  to  be  dwelt  upon 
here,  except  that  attention  should  be  called  to  the  action  which  the 
lime  in  Bordeaux  mixture  has  in  i)reventing  the  injury  so  common 
from  the  use  of  the  arsenites.  In  this  respect  the  benehts  from 
the  combination  even  exceed  those  anticipated  by  its  originator.  It 
has  been  disco\  ered  by  Kilgore, '  and  corroborated  by  Tan  Slyke,  that 
the  soluble  arsenic  (AsaO;;)  which  in  Paris  green  comes  from  the 
arsenite  of  copper,  and  in  Lond(m  purple  from  the  arsenite  of  rosana- 
line,  is  rendered  insoluble  by  the  action  of  milk  of  lime,  and  in  this  way 
innocuous  to  the  green  parts  of  x^lants.     These  same  authors  have  shown 


^Millordet  et  David.  Resultats  de  divers  proctkles  de  traitenient  snr  lo  developpe- 
ment  du  mildion.  <.7onr.  d'Ajrr.  Prat.,  50"  nun.,  t.  2,  18S6,  pp.  764-770.831-836,874- 
878. 

Girard,  Aiine.  Destruction  du  Peronospora  scbachtii  de  ]a  betterave  a  I'aide  des 
composes  cuivriques.  <^.Ionr.  d'Agr.  Prat.,  t.  2,  55^"  aim.,  1891,  pp.  15,  16.  The 
author  shows  that  beets  attacked  by  the  parasite  and  given  a  curative  treatment 
did  not  attain  normal  size,  but  liad  their  sugar  content  considerably  auguiented. 

Miintz,  A.  Sur  le  traitement  du  mildiou  par  le  sulfate  de  cTiivre.  <^Compt.  Rend., 
No.  18,  Nov.  2, 1885,  pp.  895-897.  Sulphate  of  cojjper,  5:100.  was  used  alone,  and 
seemed  to  increase  the  per  cent  of  sugar,  but  injured  the  foliage. 

-Weed,  C.  M.  On  the  combination  of  insecticides  and  fungicides.  <\Agr.  Sci.,  ^'ol. 
3,  Oct.,  1889,  pp.  263,  264.  To  Col.  A.  Yv'.  Pearson  is  due  the  credit  of  suggesting  a 
similar  combination  in  his  report  to  the  Section  of  Vegetable  Pathology,  in  Bull.  No. 
11,  1890,  p.  49.  Avhich  was  submitted  for  publication  in  the  fall  of  1889. 

^'KU</ore,  />.  IV.  Combination  of  arsenites  with  fungicides.  <^N.  C.  Agr.  Exj).  Sta^ 
Bull.  No.  77/>  (Technical  No.  2).  .Tuly  1.  1801,  pp.  8-11. 
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that  Bordeaux  mixture  has  essentially  this  effect,  and  that  either 
insecticide  can  be  used  of  a  much  greater  strength  when  employed  with 
Bordeaux  mixture  than  alone.  At  the  rate  of  1  pound  to  100  gal- 
lons of  the  mixture  no  injury  resulted  m  the  exi^eriments  of  Kilgore; 
and  Gillette  ^  reports  the  use  of  1  pound  in  50  gallons  as  causing  no 
injury  to  peach  or  plum  foliage.  Various  other  investigators  have 
studied  the  matter,  and  in  consequence  there  is  now  considerable  litera- 
ture bearing  upon  the  subject. 

It  must  be  remembered,  however,  that  the  comx^ounds  of  arsenic  can 
not  be  added  with  perfect  impunity  to  a  fungicide  like  Bordeaux  mix- 
ture when  it  is  intended  for  use  immediately  preceding  the  ripening  of 
the  fruit.  While  it  has  been  clearly  shown  that  the  arsenites  as  usually 
applied  are  washed  or  blown  away  long  before  the  treated  fruit  is  mar- 
keted, this  must  in  large. i^art  be  explained  by  the  nature  of  the  com- 
pounds. Both  are  applied  in  the  shape  of  fine,  insoluble  powders,  Avhich 
are  merely  suspended  in  the  water.  Uijon  the  evaporation  of  the  water 
the  i^owders  remaining  readily  dry,  and  are  blown  away  by  the  wind  or 
washed  off  by  the  first  heavy  rain.  AVhen  they  are  added  to  the  Bor- 
deaux mixture,  however,  this  is  not  the  case,  for,  as  is  well  known,  this 
mixture  is  remarkably  tenacious,  often  remaining  attached  to  the  fruit 
through  rain  storms  of  long  duration  and  seldom  becoming  light  and 
powdery  enough  to  be  blown  away  by  the  wind.^ 

This  adhesive  nature  of  Bordeaux  mixture  renders  it  highly  probable 
that  any  insoluble  arsenites  which  may  be  added  to  it  will  remain  on 
the  fruit  as  long  as  any  traces  of  the  mixture  itself  remain.  It  is  to 
this  phase  of  the  (question  that  it  has  seemed  necessary  to  call  atten- 
tion. The  bearing  of  these  facts,  which  I  believe  has  not  heretofore 
been  clearly  pointed  out,  makes  a  thorough  investigation  of  the  subject 
trom  this  new  point  of  view  seem  necessary.  Until  such  investigations 
shall  have  been  completed  the  unrestricted  recommendation  of  the 
combination  must  be  looked  upon  as  reprehensible. 

Mention  should  perhaps  be  made  here  of  the  Cornell  mixture,  which 
has  been  prepared  by  Slingerland.^  This  differs  from  a  similar  mixture 
proi)Osed  by  Brunk,"*  in  that  the  ingredients  are  kerosene  emulsion,-" 


1  Gillette,  C.  P.  Experiments  with  arsenites  (combining  arsenites  with  fungicides). 
<Iowa  Agr.  Exp.  Sta.  Bull.  No.  10,  1890,  pp.  416-418. 

-  The  only  analysis  which  seems  to  have  been  made  of  fruits  treated  Avitli  this 
combined  fungicide  and  insecticide  is  that  reported  by  S.  T.  Maynard,  <Mass. 
Hatch  Exp.  .sta.  Bull.  Xo.  17,  1892,  pp.  11-18.  One  pound  of  Paris  green  Avas  used 
to  200  gallons  of  the  mixture,  and  not  a  trace  of  arsenic  was  found  on  one  peck  of 
apples  sprayed  three  times  early  in  the  season.  <^Ibkl.,  p.  40. 

^SliiKjcrlaud.  21.  T.  The  Cornell  mixture.  <^  Science.  Vol.  22.  Aug.  2."'>.  lS9o.  pp. 
105. 106. 

*  Briink,  T.  L.  .Spraying;  experimeuts.  ■:"  Md.  Agr.  Kx]».  Sta.  Fourth  Ann.  Kept., 
l891-'92.  p.  386. 

'Formula.  I  pound  hard  or  soft  soaj)  dissolved  iu  J  gallon  of  hoiling  water  and  2 
gallons  of  kerosene  added.  The  whole  mixture  is  ehurued  with  a  force  ])umi)  until 
of  a  creamv  color  and  consistency. 
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Paris  green  (1  pound  to  100  gallons  or  any  strength  desired),  and 
Bordeaux  mixture',  instead  of  the  emulsion^,  Paris  green,  and  copper 
carbonate.  As  shown  by  the  originator,  the  mixture  has  not  proved  a 
practical  success^,  owing  to  its  poor  wetting  quality. 

EFFECTIVENESS  OF  BORDEAUX  MIXTURE  AS  A  FUNGICIDE. 

Beyond  question,  Bordeaux  mixture  is  the  most  effective  remedy  yet 
discovered  for  fungous  diseases  of  plants.  Many  of  the  ammonium 
cupric  comi^ounds  which  have  been  tested,  while  exceeding  it  in  ease  of 
preparation  and  inexx)ensiveness,  do  not  eciual  it  in  effectiveness,  and 
produce,  almost  without  exception,  deleterious  effects  upon  the  foliage  of 
the  treated  plants.  While  with  many,  a  slight  scorching  or  discoloring 
of  the  foliage  may  not  appear  to  be  a  serious  objection  to  a  given 
fungicide,  in  the  estimation  of  the  writer  no  fungicide  will  ever  come  into 
general  use  which  in  any  Avay  interferes  a\  ith  the  normal  carbon  assimi- 
lation and  active  transpiration  of  the  plant.  It  is  an  imi^erfect  fungi- 
cide in  this  respect,  and  will  sooner  or  later  l)e  superseded  by  one  which 
while  preventing  the  attacks  of  parasitic  fungi  will  in  no  way  injure 
the  plant.  Bordeaux  mixture  combines  these  two  qualities  in  the 
highest  degree,  preventing  most  effectively  the  entrance  of  the  parasite 
without  injuring  the  idant.  Xotwithstanding  the  remarkable  effective- 
ness of  the  mixture,  liowever,  there  are  many  diseases  wliich  have  not 
yet  been  successfully  combated  by  its  use.  To  assume  that  it  is  a 
panacea  for  all  the  fungous  diseases  of  plants  before  sufficiently  exten- 
sive experiments  have  been  made,  is  to  subject  one  to  the  severest 
criticism  and  retard  the  legitimate  extension  of  its  use.  It  must,  1 
think,  be  confessed  that  the  prevailing  opinion  as  to  the  all-sufficiency 
of  this  mixture  does  not  rest  ui)on  a  large  enough  number  of  experi- 
ments, and  3-ears  of  patient  work  will  be  required  to  establish  or  dis- 
prove all  the  claims  that  have  been  made  for  it.  In  the  following  pages 
I  have  endeavored  to  give  the  conclusions  which  seem  warranted  in 
regard  to  the  diseases  treated  with  Bordeaux  mixture. 

DISEASES  TREATED  WITH  BORDEAUX  MIXTURE. 
DOWNY    MILDEW     OF    THE    GRAPE. 

[Plasmopara  viticoJa  (B.  &  C.)  Berl.  &  De  Toni). 

Bordeaux  mixture  is  unquestionably  a  specific  for  this  disease,  as 
evidenced  by  many  well-conducted  experiments  in  France,  Italy,  and 


^Formula,  6  pounds  of  copper  sulphate  fully  neutralized  witli  lime,  as  indicated 
hj  the  potassium  ferrocyanide  test,  and  the  whole  made  up  to  40  gallons  with  water. 

-Formula,  27  ounces  Lenox  soap  in  3  gallons  hot  water,  to  which  1  pound  of  copper 
carbonate  and  2|  ounces  of  Paris  green  are  added,  and,  after  mixing,  0  quarts  of  kero- 
sene added. 
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Geriuany.  and  by  eigiit  years  of  practical  use  in  the  vineyards  of  these 
countries  and  in  AniericaJ  The  use  of  this  remedy  for  mildew  has 
beeu  made  obligatory  in  Savoy,  France,  and  Lausanne,  Switzerland.^ 
Although  various  other  remedies  have  been  used  with  success  against 
this  disease,  still,  when  compared  with  Bordeaux  mixture  they  have 
shown  themselves  inferior. ' 

The  78-gallon  formula  was  used  with  success  by  Millardet  andGayon^ 
in  1888  and  Mach''  in  1889,  but  from  experiments  made  in  1892  Millar- 
det  and  Gayon  decided  that  it  was  too  weak  to  prevent  severe  attacks. 
The  ()0-gallon  formula  is  undoubtedly  preferable. 

The  number  of  treatments  necessary  Avill  depend  very  largely  upon 
the  season  and  locality,  but  four  applications,  begun  with  the  first  open- 
ing of  the  leaf  buds  and  distributed  about  equally  through  the  season 
until  danger  from  the  disease  is  past,  are  almost  certain  to  afford  full 
protection.  With  rapidly  growing  cuttings  or  young  plants,  treatments 
must  be  repeated  as  often  as  sufficient  grow^th  is  made  to  expose  any  con- 
siderable (pumtity  of  young  leaves  to  infection.  The  green  parts  should 
be  kept  covered. 


'The  i)reseuce  of  both  black  rot  and  downy  mildew  in  many  American  vineyards, 
and  the  greater  severity  of  the  former,  makes  it  difficnltto  separate  the  experiments 
upon  mildew  from  those  on  black  rot.  The  experiments  of  Holladay,  at  Eastham, 
Va.,  are  among  the  most  clearly  defined  of  American  experiments,  showing  an 
nndonbted  success  from  five  applications  begun  ten  days  before  blooming.  <Div. 
A'eg.  Path..  U.  S.  Dept.  of  Agr.,  Bull.  No.  11. 1890,  pp.  70-76;  «^e  rtVso. Jaeger's  report 
ill  Bull.  No.  10.  ihid,  1889,  pp.  29-.S4. 

-Ceriis,  J.  de.  Traitement  obligatoire  des  Vignes  contrele  mildiou.  <\.Jour.  d'Agr. 
Prat.,  1891.  t.  2.  .55«  ann..  pp.  39-41;  see  also  note  in  Chron.  Agr.  et  Vit.,  May  4,  1889, 
quoted  by  Galloway  in  Jour,  of  Mycol..  1889,  Vol.  5,  p.  95,  showing  penalty  $2  to  $18. 

^Mach,  E.  Bericht  iiber  die  Ergebnisse  der  im  .Tahre  1886  ausgefiihrteu  Yersuche 
zur  Bekiimpfung  der  Peronospora.  <^Tiroler  Landw.  Bliitter,  1887,  6.  .Tahrg..  No.  5, 
pp.  37-46;  No.  6,  pp.  53-62. 

Millardet  et  (rayon.  Nouvelles  observations  siir  I'efiicacito  de  diverses  bouillies 
dans  le  traitement  du  mildiou-sulfosteatite.  <^.Tour.  d'Agr.  Prat.,  56*"  ann..  t.  1, 
No.  7,  Feb.  18, 1892,  pp.  231-239. 

Millardet  et  David.  Resultats  de  divers  i)rocedes  de  traitement  sur  le  develop - 
pement  du  mildion.  <,Tour.  d'Agr.  Prat..  1886.  .50«ann.,t.  2,  x>p.  764-770.831-836, 
874-878. 

Freda,  Pasquale.  8ui  pin  efficaci  riinedi  contro  la  peronospora  della  vitc  <^Le 
Staz.  Sper.  Agr.  Stazione,  Vol.  14,  fasc.  2, 1888,  pp.  309-311. 

Cugini,  Gino.  Relazione  al  ministero  intorno  di  rimedi  usati  nel  1889.  nel  Modenese 
contro  la  i^eronospora  della  vite.  <Bolletin()  d.  P.  Stazione  Agr.  d.  Modena.  iinova 
serie,  Vol.  9. 1889,  pp.  140-146. 

^Millardet  et  fiayon.  Les  nouvelles  formules  de  la  bonillie  bordelaise.  <.rour. 
d'Agr.  Prat.,  1888,  t.  1,  pp.  623-627,  663-665,  691-694. 

' Mach,  E.  Ueber  die  Bekiimpfung  der  Peronospora.  <Tirol.  Landw.  Bliitter,  1889, 
8,  p.  65.  Review  in  .Jalir.  d.  Agr.  Chem..  1889,  n.  f.,  Vol.  12,  p.  266.  Original 
not  seen. 
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BLACK  ROT  OF  THE  ORAPE. 

lGui(jnardia  bidiveUii  (Sacc.)  Viala  and  Rav.^ 

Although  liiore  difficult  to  prevent  than  downy  mildew,  this  disease 
has  yielded  to  careful  treatment  with  Bordeaux  mixture,  begun  before 
Vegetation  starts  in  the  spring  and  continued  until  the  fruit  begins  to 
ripen  in  midsummer.  That  treatments  before  the  opening  of  the  buds 
are  necessary  was  shown  early  by  the  failure  of  the  first  attempts  made 
in  America  by  Jaeger.  Munson,  Lyman,  and  Pearson.^  The  first  really 
successful  treatments  seem  to  have  been  made  by  Prillieux.^ 

Fo  other  fungicide  seems  equal  to  Bordeaux  mixture  in  efficacy  in  the 
treatment  of  this  disease,  and  although  it  has  been  shown  by  de  I'Ecluse,-^ 
Galloway,^  and  others  that  a  60-gallon  formula  of  the  mixture  is  often 
full}'  as  efl'ective  as  a  22-gallon  formula,  in  severe  attacks  the  stronger 
formula  has  generally  given  the  best  results.^  The  number  of  treat- 
ments necessary  varies  with  the  season,  but  in  no  case  is  it  safe  to  give 
less  than  three.  The  first  one  should  always  be  made  immediately 
previous  to  the  swelling  of  the  buds  in  the  spring,  followed  by  a 
second  treatment  when  the  leaves  are  about  one-third  grown,  and  the 
third  immediately  previous  to  blooming.  The  subsequent  treatments 
should  be  made  at  intervals  of  from  twelve  to  fourteen  days,  but  judg- 
ment should  be  exercised  as  to  the  number  and  frequency  of  these 
applications.  In  dry  weather  frequent  treatments  are  not  neces- 
sary, while  in  wet  weather  a[)plications  of  the  mixture  must  be  made 
as  often  as  it  is  washed  off  the  vines.  Although  the  great  damage 
done  by  the  parasite  is  in  its  destruction  of  the  fruit,  one  of  its  forms 
lives  on  the  foliage  and  does  considerable  injury,  and  hence  the  neces- 
sity of  treating  the  foliage  as  well  as  the  fruit.  The  suspicion  also  that 
the  form  upon  the  leaves  communicates  the  disease  to  the  fruit,  although 
not  substantiated  by  careful  experiments,  emphasizes  the  necessity  of 
treating  both  foliage  and  fruit.  The  danger  of  spotting  the  clusters 
from  late  treatments  may  be  avoided  either  by  making  the  last  two 
treatments  Avith  ammoniacal  copper  carbonate  solution  or  with  an 
80- gallon  formula  of  Bordeaux  mixture. 


^  See  reports  of  these  writers  on  experimeuts  made  under  the  supervision  of  the 
Section  of  Vegetable  Pathology  m  Bull.  No.  5,  1888,  entitled  ''Report  on  the  Experi- 
ments made  in  1887  m  the  treatment  of  the  Downy  Mildew  nnd  the  Black  Rot  of 
the  Grape  Vine.'" 

-  PriUienx.  Efticacite  dela  bonillte  bordelaise  coutre  le  black  rot.  <^Jour.  d'Agr. 
Prat.,  52^^  ann.,  t.  2,  1888,  pp.  193-195. 

■WjfJcIuse,  A  de.  Traitement  du  black  rot.  Kapi^ort  a  M.  le  Ministre  de  I'Agricul- 
ture.  <^Bnll.  du  Comite  d'etndes  et  de  vigilance  du  Lot-et-Garonne.  (Reprinted  in 
full  in  Prog.  Agr.  et  Vit.,  6*^  ann.,  t.  12,  Oct.  13,  1889,  pp.  287-296). 

*  GaUoiviui,  B.  T.  Experiments  in  the  treatment  of  black  rot  of  the  grai)c.  <Div. 
of  Veg.  Path.  Bull.  No.  3,  1892,  pp.  9-31. 

^Buhor,  G.  de.  La  lutte  contre  le  black  rot.  <Jour.  d'Agr.  (Barral),  18S9,  24"-- 
ann.,  t.  2,  pp.  609-611. 
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Owing-  to  the  severity  of  the  diseiise,  great  care  should  be  taken  in 
the  application  of  the  mixture  and  theseleetion  of  a  suitable  si^raying 
nozzle.  So  far  as  the  observation  of  niend)ers  of  the  Division  goes,  the 
Yermorel  nozzle  is  superior  to  any  other  Ibr  this  })ur[)0se.  A  powerful 
pumi)  can  not  be  too  strongly  insisted  upon. 

The  thousands  of  grape  growers  in  France  and  America  who  are 
combating  this  disease  every  year  with  success,  in  addition  to  the  experi- 
ments of  Galloway.  Chester.  Clark,  Thaxter,  Prillieux.  Alwood.  and 
others,  which  have  been  nothingshortof  conclusive,  furnish  overwhelm- 
ing evidence  of  the  efficacy  of  the  mixture.^ 

POWDERY    XILDEW    OR    OIDIl^I    OF    THE    GRAPE. 

{Uncinula  necafor  iSchw'.)  Burrill. ) 

While  it  has  been  the  opinion  of  many  viticulturists  that  Bordeaux 
mixture  is  a  preventive  of  this  disease,  there  seems  to  exist  almost  no 
literature  in  support  of  this  view.  This  lack  of  literature,  however,  is 
probably  owing  to  the  comparatively  small  amount  of  damage  caused 
by  the  fungus  in  this  country.  Scribner-  says  that  •' whether  there 
are  any  remedies  that  will  act  as  preventives  is  not  known;"  and  in 
1888  J.  G.  Justice,^  of  Marcus,  Ga.,  reports  vines  treated  with  Bordeaux 
mixture  onee  as  being  ••  nearly  exempt  from  the  fungus."  In  a  repo'.t 
made  to  the  Section  of  Vegetable  Pathology  in  1889,  F.  S.  Earle^ 
states  incidentally  that  a  single  Black  Hamburg  vine  which  had  beCii 
treated  with  both  Bordeaux  mixture  and  eau  celeste  ••  was  very  bright 
and  green,  while  some  Muscats  and  Tocays  at  a  neighbor's  were  being 
considerably  inj  ured  by  powdery  mildew.''  It  is  evident  from  tlie  French 
literature  that  Bordeaux  mixture  is  not  considered  a  specific  for  the 
powdery  mildew,  as  both  sulphuring  and  spraying  are  considered  neces- 
sary. M.  P.  Hoc,'  in  an  experiment,  the  details  of  which  are  not  fully 
given,  reports  the  successful  use  of  Bordeaux  mixture  against  both 
Oidium  and  downy  mildew,  but  no  care  is  taken  to  distinguish  between 
the  injury  fiom  the  different  species,  and  this  makes  the  experiment  of 

'The  literature  upon  this  part  of  the  subject  has  already  become  stupendous  and 
can  not  be  cited  here.  Galloway,  B.  T.  Summary  of  volunteer  reports  on  vine  dis- 
eases. <Sect.  Yeg.  Path.  Bull.  Xo.  11,  1890,  pp.  8-22;  and  Scrihner,  F.  L.  Volunteer 
reports  on  the  treatment  of  the  downy  mildew  and  black  rot  in  1887.  <Sect.  Veg. 
Path.  Bull.  Xo.  5.  1888,  pp.  39-71,  should  be  consulted  as  giving  the  best  collection 
of  opinions  from  practical  vineyardists  in  regard  to  its  use. 

"Scrihner,  F.  Lamson.  Report  on  the  fungous  diseases  of  the  grapevine.  <^Sect. 
Veg.  Path.  Bull.  Xo.  2,  1886,  p.  26. 

^'Scribner,  F.  Lamson.  Report  on  the  experiments  made  in  1887  in  the  treatment  of 
the  downy  mildew  and  the  black  rot  of  the  grape  vine.  <^Sect.  Veg.  Path.  Bull.  Xo. 
5, 1888,  p.  48. 

*Earle,  F.  S.  Report  on  experiments  witli  fungicides.  <^Sect.  ^'eg.  Path.  Bull.  Xo. 
11,  1890,  p.  86. 

^Hoc,  P.  Essais  couiparatifs  de  traitements  contre  lemildiou  et  1'  ouliuui.  <^,Tour. 
d'Agr.  (Barral),  24'"  ann.,  t.  2,  1889, pp.  821-826. 
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little  value.  In  1888  M.  Huet  ^  proposed  mixing-  sulphnr  with  Bordeaux 
mixture  to  prevent  downy  and  powdery  mildew  at  the  same  time.  This 
was  tested  the  following  year  by  M.  ^lartin,^  but  without  success,  the 
efficacj^ofthe  sulphur  being  greatly  diminished.  It  is  evident  from 
the  scanty  literature  ou  the  subject  that  although  the  prevailing  opinion 
is  sufficient  to  warrant  recommending  Bordeaux  mixture,  there  seem  to 
be  no  carefully  conducted  exoeriineiits  on  record  which  will  fully 
prove  it. 

ANTHRACNOSE    OF    THE    CIEAPE. 

{Gloeosporhim  ampelopliagum  (Pass.)  Sacc.) 

Although  several  unsystematic  attempts  ^  have  been  made  to  control 
this  disease  by  the  use  of  Bordeaux  mixture,  as  for  as  the  writer  is 
aware,  no  careful  experiments  have  ever  been  conducted.  The  diffi- 
culty of  securing  a  vineyard  badly  enough  infected,  and  in  which  new 
vines  not  yet  attacked  are  growing,  has  so  far  evidently  deterred  inves- 
tigators from  taking  up  the  matter.  The  many  curative  treatments  of 
vines  already  attacked  which  are  reported,  do  not  seem  to  me  conclu- 
sive, inasmuch  as  they  all  lack  the  x)resence  of  proper  control  vines.^ 

PEAR    LEAF    BLIGHT. 

[Eufonosporium  maculatum  Lev.) 

This  disease,  which  attacks  young  trees  in  nursery  rows  in  the  North 
and  both  young  trees  and  bearing  ones  in  the  South,  has  received  con- 
siderable attention.  The  experiments  in  which  Bordeaux  mixture  have 
been  used  have  been  almost  uniformly  successful,  and  there  can  no 
longer  be  room  for  doubt  that  this  i)reparation,  when  properly  applied, 
is  a  specific  for  the  disease. 

The  first  systematic  experiment  in  the  use  of  Bordeaux  mixture  for 
pear  leaf  blight  was  made  by  Galloway  •'  in  1889.  The  same  year  Pear- 
son,'^ of  Xew  Jersey,  acting  under  the  direction  of  the  Section  of  Vege- 
table Pathology,  sprayed  three  bearing  pear  trees  with  the  fungicide,  the 
result  being  markedly  successful  in  each  case.     The  later  experiments 

^Huet,  D.  G.  Le  soufre  et  la  bouillie  bordelaise.  <^Joiir.  d'Agr.  (Barral),  t.  1,  23^ 
anu.,  1888,  pp.  702-705. 

"Martin,  Louis  de.  Oidium  et  mildiou.  <^Ihid.,  24*^  ann.,  t.  2,  1889,  pp.  851-855. 

^  Howell,  A.  M.  [Report  on  fungous  diseases  of  the  grape  and  tomato.]  <^.Sec.yeg. 
Path.  BttII.  No.  11, 1890,  p.  58.  Reports  "•  Undoubted  success.''  The  lack  of  control 
vines,  however,  renders  the  work  of  little  value. 

■»  Caste,  H.  Instruction  pratique  snr  les  traitements  a  effectner,  contre  le  mildiou 
et  I'anthracnose.  <Anu.  Soc.  d'Hort.  et  d'Hist.  Nat.  de  I'Herault,  2^.  s^r.,  t.  23, 1891, 
pp.  178-182.     States  that  no  radical  remedy  is  known  for  this  disease. 

^  Galloway,  B.  T.  Experiments  in  the  treatment  of  pear  leaf  blight  and  apple 
powdery  mildew.  <^Sec.  of  ^'eg.  Path.  Circular  No.  8,  1889. 

''Pearson,  A.  W.  Report  of  Col.  A.  W.  Pearson.  <Sec.  of  Ye.g.  Path.  Bull.  No.  11, 
1890,  p.  46,  pis.  V,  VI. 
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of  Galloway  and  Fairehild,  ^  and  those  of  Chester,^  as  well  as  the  prac- 
tical use  of  the  fungicide  by  orchardists  and  others,  confirm  the  results 
of  the  investigations.  The  ammoniacal  solution,  modified  eau  celeste, 
copper  acetate,  precipitated  carbonate  of  copper,  copper  sucrate  (improp- 
erly called  saccharate),  copper  chloride,  sodium  hj^posulphite,  and  i^otas- 
slum  sulphide  have  all  been  tested  in  comparison  with.  Bordeaux  mix- 
ture, and  while  showing  results  in  some  respects  excelling  it,  they 
have  uniformly  proved  slightly  injurious  to  the  foliage,  while  Bordeaux 
mixture,  when  properly  prepared,  has  exhibited  no  injurious  action. 
This  superiority  of  Bordeaux  mixture  is  to  the  writer's  mind  of  the 
greatest  importance  and  warrants  the  discarding  of  the  other  fungicides. 

In  the  experiments  of  Galloway  in  1891  the  use  of  a  formula  equiva- 
lent to  6  pounds  of  copper  sulphate  in  180  gallons  of  water  proved  quite 
efficacious,  and  in  1890  three  treatments  were  found  sufficient  to  pre- 
vent the  disease.  The  experiments  of  M.  B.  AVaite,  carried  on  in  1892 
and  1893,  are  quite  conclusive  as  regards  the  treatment  of  the  disease 
in  Virginia.  The  general  conclusions  that  may  be  drawn  from  this 
work  are  that  in  the  first  season's  trials  five  treatments  with  a  50-gal- 
lon  formula  of  Bordeaux  mixture  proved  entirely  successful,  while  the 
second  year's  work  showed  that  two  treatments,  the  first  made  between 
May  15  and  June  1,  and  the  second  one  month  later,  with  the  same 
formula,  leave  nothing  to  be  desired. 

When  it  is  remembered  that  these  experiments  were  carried  on  in  a 
region  where  the  disease  is  usually  so  severe  that  the  untreated  trees 
are  defoliated  as  early  as  July,  the  conclusiveness  of  the  experiments 
can  not  be  doubted. 

Notwithstanding  all  the  work  that  has  been  done  on  this  important 
disease,  no  evidence  seems  to  have  been  collected  which  would  show  an 
actual  increase  of  wood  production  in  bearing  trees  as  a  result  of  main- 
taining the  health  of  the  foliage.  Neither  has  an  increased  fruitfulness 
of  the  trees  been  i^roved,  as  in  the  case  of  treatment  of  the  same  disease 
on  the  quince.  It  is  to  be  hoped  that  this  important  part  of  the  subject 
will  ere  long  receive  the  attention  which  it  deserves. 

From  the  increased  growth  which  young  trees  have  been  enabled  to 
make  under  treatments  with  this  mixture,  it  is  presumable  that  the 
benefits  resulting  from  the  treatments  of  bearing  trees  are  very  great. 

As  has  been  pointed  out,  the  first  attempts  to  prevent  the  attacks  of 
the  disease  upon  young  trees  in  nursery  rows,  were  made  by  Galloway.^ 
The  preliminary  experiment  was  made  upon  a  block  of  French  pear 

'  Galloway,  B.  T.  and  Fairehild,  D.  G.  Experiments  in  tlie  treatment  of  plant  dis- 
eases. <Jour.  of  Mycol.,  Vol.  6,  Apr.  30,  1891,  pp.  137-142.  GaUoicay,  B.  T.  Experi- 
ments in  the  treatment  of  pear  leaf  blight,  cracking,  and  scab.  <Div.  Veg.  Path. 
Bull.  No.  3,  1892,  pp.  .36-47. 

'Chester,  F.  B.  The  leaf  blight  of  the  pear  and  the  (inince.  <Del.  Exp.  Sta. 
Bull.  No.  13,  July,  1891.  pp.  16,  pis.  2. 

^Galloway,  B.  T.  Experiments  in  I  he  treatment  of  pear  leaf  blight  and  a])ple  pow- 
dery mildew.  <Sec.  of  Veg.  Path.  Circular  No.  8,  1888,  pp.  Q-^. 
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seedlings,  and  while  the  controls  were  not  as  near  the  treated  portion 
as  might  have  been  desired,  the  striking  nature  of  the  results  was 
sufficient  to  induce  the  owner  to  continue  the  treatments  the  following 
year.  From  the  subsequent  experiments  carried  on  by  Galloway  ^  and 
the  writer  ^  in  Maryland  and  New  York,  together  with  those  of  Pammel  ^ 
in  Iowa,  it  may  be  stated  with  confidence  that  Bordeaux  mixture  has 
proved  a  si^ecific  for  this  disease  on  young  trees,  and  can  be  recom- 
mended for  nursery  practice.  In  those  cases  Avhere  the  mixture  has  been 
brought  into  comparison  with  such  of  the  copper  compouiuls  as  ammo- 
niacal  solution  it  has  invariably  proved  itself  superior. 

The  increase  in  caliper  made  by  young  pear  trees  on  which  the 
foliage  is  kept  intact  is  considerable,  as  shown  by  the  experiments  in 
]N^ew  York  State,  but  whether  or  not  the  effects  of  a  single  year's  treat- 
ment in  this  section  will  be  sufficient  to  warrant  heavy  expenses  in 
spraying  has  not  yet  been  settled  to  my  entire  satisfaction.  In  regions 
where  the  disease  is  as  severe  as  it  is  in  Maryland  there  can  scarcely  be 
a  (question,  and  the  testimony  of  the  firm  of  Franklin  Davis  «&  Co.  may  be 
considered  quite  conclusive,  but  in  regions  where  the  disease  does  its 
damage  almost  wholly  on  stocks  and  seedlings,  and  does  not  attack 
budded  stock,  the  profitableness  of  the  treatments  remains  only  par- 
tially proved.  The  best  results  have  followed  a  use  of  the  mixture  five 
or  six  times,  and  the  benefits  of  three  treatments  on  pear  stocks,  begun 
three  weeks  after  planting  and  before  the  leaves  were  fully  grown,* 
proved  markedly  inferior  to  six  treatments  begun  at  the  same  time, 
but  continued  until  the  last  of  August.  The  increase  of  new  foliage 
renders  it  essential  that  treatments  should  be  continued  well  through 
the  summer.  A  60-gallon  fornuila  has  i^roved  entirely  satisfactory, 
but  it  has  been  found  essential  that  the  treatments  be  made  in  the 
most  thorough  manner  possible,  and  any  failure  in  the  application  of 
the  mixture  may  result  in  greatly  diminished  effectiveness  of  the  treat- 
ments. 

PEAR    SCAB. 

{Fusicladium  pirinum  (Lib.)  Fuckl.)-^ 

This  destructive  disease,  which  has  been  the  object  of  much  study, 
especially  by  mycologists,  has  yielded  to  treatments  from  various  fuugi- 


^  Galloway,  B.  T.  Treatment  of  diseases  of  nursery  stock.  <Div.  of  Veg.  Path. 
Bull.  No.  3,  1892,  pp.  47-60,  pis.  iv,  v. 

■Fairchild,  D.  G.  Experiments  in  preventing  leaf  diseases  of  nursery  stock  in 
western  New  York.  <Jour.  of  MycoL,  Vol.  7,  pp.  240-264,  pis.  xxi-xxix. 

^Pammel,  L.  IT.  Treatment  of  fungous  diseases.  <^Iowa  Exp.  Sta.  Bull.  No.  13, 
May,  1891,  pp.  31-51,  figs.  22.  Treatment  of  some  fungous  diseases;  experiments 
made  in  1891.  <^Ihid.,  Bull.  No.  17,  pp.  20,  pi.  v. 

^On  the  following  dates  in  Geneva,  N.  Y. :  May  21,  June  3,  June  24,  for  the  three 
treatments,  and  the  same  dates  with  additional  treatments  ma<Je  July  9,  July  24, 
August  8,  and  August  28. 

^Ludwig,  in  his  Lehrbuch  der  Niederen  Kryptogamen,  Stuttgart,  1892,  pp.  316,  317, 
cites  the  excellent  work  of  Brefeld  on  a  pleosporous  fungus,  Venturia  ditricha  forma 
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cides,  but  owiug-  to  a  lack  of  knowledge  as  to  tlie  life  history  of  the 
parasite  causing  it,  many  failures  have  been  reported  in  its  treatment. 
It  will  not  be  necessary  to  discuss  here  the  use  of  such  fungicides  as 
tlie  sulphides  of  calcium,  sodium,  and  potassium,  further  than  to  remark 
that  the  experiments  with  these  substances  indicate  at  least  a  partial 
efiectiveness,  but  in  no  carefully  conducted  experiments  have  tliey 
proved  themselves  superior  to  Bordeaux  mixture.  Although  as  early 
as  1881  Oliver^  discovered  that  a  solution  of  copper  sulphate  would 
prevent  the  germination  of  the  spores,  and  when  applied  to  the  fruits 
protected  them  from  the  disease,  it  was  not  until  1886  that  Bordeaux 
mixture  was  used  in  its  jirevention.  Eicaud's^  experiments,  although 
evidently  simple,  indicated  the  beneficial  effects  following  the  use  of 
the  mixture,  and  are  peculiarly  noteworthy  from  the  fact  that  they 
were  begun  early  in  the  spring  (March  31).  Although  the  number 
of  trees  in  the  experiment  was  small,  the  untreated  trees  were  arranged 
to  bring  out  the  comparison  satisfactorily.  Since  this  first  and  in 
many  respects  quite  conclusive  experiment  was  made,  Goethe,"^  Cheval- 
lier,"^  Gallowaj^  and  Fairchild,^  and  IMader^  have  tested  the  i)owers  of 
this  mixture  as  a  preventive  of  the  disease.  While  negative  or  only 
partially  successful  results  have  attended  some  of  these  experiments, 
the  ignorance  of  the  fact  that  the  first  attacks  of  the  parasite  occur 
before  blooming,  explains  the  failures  quite  satisfactorily.  The  early 
treatments  have  been  uniformly  more  successful  than  later  ones; 
in  fact  treatments  begun  after  blooming  do  not  seem  to  have  yielded 
satisfactory  results.     Erom  a  clearer  knowledge  of  the  life  history  ot 


2)iri  Brefeld,  "svliicli  this  inycolooist  found  on  the  dead  leaves  of  Pt/rus  communis,  and 
■which  when  cultivated  produced  fruitin<>^  hyplne  and  spores  resembling  very  closely 
those  of:  FusicJaclium pirinnm.  While  Ludwig  concludes  from  this  ^yo^k  that  the 
identity  of  the  two  species  is  established,  I  am  not  prepared  to  admit  it  until  infection 
experiments  have  been  made.  As  to  the  further  identity  of  F.  dendriticum  and  F. 
pirinum,  I  am  not  at  all  convinced,  since  my  own  cultures  of  these  fungi  have  shown 
the  distinct  differences  in  spore  abjunction  to  be  constant  when  both  species  are  grown 
upon  the  same  substratum.  I  retain  the  old  name  until  further  researches  i)rove  the 
identity  conclusively.      (See  Brefeld's  Untersuchungen,  Heft  x,  1891,  pp.  218-221, 

pi.  VII.) 

^Oliver,  PauL  Les  tavelures  des  poiriers.  <^ Jour.  d'Agr.  Pi-at.,  1881.  45"  ann.,  t. 
2,  pp.  20-22. 

-liicand,  J.  La  tavelure  des  poires  et  le  sulfate  de  cuivre.  <^Jour  d'Agr.  Prat., 
50«  ann.,  t.  2, 1886,  p.  922 ;  see  also  JIM.,  pp.  719,  720,  whore  article  by  Prillieux  rela- 
tive to  this  experiment  is  quoted. 

^Goethe,  It.  Zur  Bekjimpfung  des  Apfel-und  Birnenrosts.  <Gartenflora,  37.  Jahr., 
1888,  pp.  263,  264.  Also  see  Bericht  K.  Lehranst.fiir  Obst-und  Weiubau  fiir  d.  ,Tahr. 
1889-'90,  Wiesbaden,  1891,  pp.  29,  30. 

■*ChcraUic)',  Ch.  Traitement  de  la  tavelure  des  poires.  <Revue  Horticole,  61^ 
ann.,  1889,  pp.  54,  5.5. 

^Galloway,  B.  T.,  and  Fairchild,  I),  (i.  Experiments  in  the  treatment  of  plant 
diseases,  part  3.     <Jour.  of  Mycol..  Vol.  6.  Apr.  30,  1891,  p.  142. 

'Mader.  Die  Obsternte  des  Jahros  1892  und  die  Anwendnng  des  Kui>ferkalkes 
gegen  die  Pilzschiidlinge  der  Obstbiiume.  <Tiroler  Landw.  lilatter,  12.  Jahrg.,  No. 
3, 1893,  pp.  2.5-28. 
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tlie  fungus,  and  from  tlie  experiments  above  alluded  to,  it  may  be  stated 
witli  considerable  confidence,  altliougli  not  conclusively,  that  Bordeaux 
mixture  is  a  specific  for  pear  scab.  In  order  to  prove  successful,  how- 
ever, tlie  first  application  must  be  made  immediately  upon  the  opening 
of  the  fruit  buds  in  spring,  the  second  immediately  before  blooming,  the 
third  when  the  petals  are  falling,  and  the  fourth  when  the  fruit  is  one- 
half  inch  in  diameter.  These  four  treatments  control  the  disease  satis- 
factorily, and,  so  far  as  our  knowledge  goes,  treatments  made  later  do  not 
increase  the  protection,  since  most  varieties  of  i^ears  after  this  time 
become  largely  resistant  to  the  attacks  of  the  fungus.  While  the 
stronger  mixture  (the  22-gallon  formula)  has  been  most  generally  recom- 
mended, the  work  of  Mader  showed  a  75-^allon  formula  to  give  satis- 
factory results,  but  it  should  be  given  a  practical  test. 

CHERRY   LEAF  BLIGHT. 

{Gylindrosporlum  padi  Karst.) 

Although  this  disease  is  common  to  botli  bearing  and  young  trees, 
as  well  as  to  stocks  and  seedlings,  its  principal  injury  is  done  to 
the  seedlings  or  to  the  trees  before  they  are  3  years  old.  The  prin- 
cipal experiments  which  have  come  to  my  notice  were  upon  young- 
plants,  although  Tliaxter'  reports  success  from  its  use  upon  bearing 
trees. 

The  first  attempt  to  control  the  disease  was  made  by  Galloway.^  The 
results  of  these  first  experiments,  although  highly  encouraging,  have 
not  been  i)ublished  in  full.  In  1890  PammeP  conducted  a  series  of 
experiments  on  the  same  disease,  from  which  it  was  evident  that  the 
benefits  arising  from  seven  treatments  with  Bordeaux  mixture  (22-gal- 
lon formula)  Avere  not  great.  The  same  author  repeated  his  experi- 
ments in  1891,  with  somewhat  more  decided  results.  The  later  work 
of  Galloway*  at  Mullikin,  Md,,  and  my  own  experiments  at  Geneva, 
N.  Y.,^have  thrown  considerable  light  upon  the  problem,  and  it  may  be 
stated  conservatively  that  Bordeaux  mixture  is  a  specific  for  cherry 
leaf  blight  of  nursery  stock.     The  treatments,  however,  need  to  be  made 

^TJiaxter,  Roland.  Leaf  spot  of  plums  and  cherries,  causing  defoliation.  <:^Conu. 
Exp.  Sta.  Fourteentli  Ann.  Kept.  (1890)  1891,  p.  24. 

"^  GaUoxoay,  Ji.  T.  Treatment  of  pear,  cherry,  and  strawberry  leaf  blight  as  affect- 
ing nursery  stock.  <^Ann.  Rept.  Sec.  of  Agr.  for  1890  (1891),  p.  396.  Experiments  were 
inaugurated  in  1889. 

^Pammel,  L.  H.  Treatment  of  fungous  diseases.  <^Iowa  Exp.  Sta.  Bull.  No.  13, 
May,  1891,  pp.  31-51;  also  Iowa  Exp.  Sta.  Bull.  No,  17,  for  account  of  further  experi- 
ments. 

■^Galloway,  B.  T.  Treatment  of  diseases  of  nursery  stock.  <Div.  of  Veg,  Path, 
Bull,  No.  3,  1892,  pp.  47-60.  This  includes  an  account  of  my  own  work  at  Geneva, 
N.  Y.,  for  1891,  as  well  as  the  work  at  Mullikin,  Md. 

-Fairchild,  D.  G.  Experiments  in  preventing  leaf  diseases  of  nursery  stock  in 
western  New  York.  <Jour,  of  Mycol.,  Vol,  7,  May  15, 1893,  pp.  240-262,  plates  xxi- 
XXIX ;  see  also  N.  Y.  Exp.  Sta.  Tenth  and  Eleventh  Ann.  Kepts.,  1892  and  1893,  and 
Ann.  Rept.  Sec.  of  Agr.  for  1891,  p.  368. 
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with  a  carefulness  exceeding'  tluit  iiecessarj^  in  the  treatment  of  such 
diseases  as  those  caused  by  the  downy  mihlews.  Owinj^-  t<^  the  con- 
tinuous growth  of  young  trees  or  seedlings,  treatments  must  Ije  contin- 
ued until  all  danger  from  the  disease  is  i)ast,  as  otherwise  the  young 
foliage  constantly  being  formed  will  remain  unprotected.  The  dates 
upon  which  applications  should  be  made  vary  greatly,  and  depend 
upon  the  nature  of  the  season,  a  wet  spring  bringing  on  the  disease 
later  than  a  dry  one.  Xot  enough  experiments  in  different  localities 
have  been  carried  on  to  make  it  possible  to  give  any  but  general  direc- 
tions in  the  matter.  The  best  results  were  obtained  from  treatments 
which  were  begun  in  the  spring  immediately  after  the  foliage  Avas  fully 
formed,  and  continued  at  intervals  of  two  weeks  until  six  treatments 
were  made.  A  60-gallon  formula  has  proved  i)erfectly  satisfactory, 
but  it  was  found  absolutely  necessary  to  have  the  spray  reach  the 
under  sides  of  the  leaves.  The  disease  is  a  difficult  one  to  cope  with, 
and  too  great  care  can  not  be  taken  in  the  application  of  the  fungicide. 
Only  extensive  held  practice  will  settle  the  true  economic  value  of  the 
treatment,  but  it  will  require  little  argument  to  convince  the  nursery- 
man that  stocks  upon  which  the  leaves  are  kept  intact  will  make  more 
valuable  trees  than  those  from  which  the  foliage  drops  in  July  or 
August.  Bordeaux  mixture  is  undoubtedly  superior  to  ammoniacal 
solution  in  the  treatment  of  this  disease,  as  is  shown  by  the  many  com- 
parative tests  which  have  been  made. 

PLUM   L^^.AF   BLIGHT. 

{Cyllndrosporium  padi  Karst.) 

The  injury  from  this  disease  is  equally  severe  upon  bearing  as  well  as 
upon  young  trees  and  seedlings,  but  the  experiments  which  have  been 
conducted  show  it  to  be  amenable  to  treatment.^ 

The  treatments  of  nursery  stock  liable  to  the  disease  have  generally 
been  carried  on  at  the  same  time  as  those  made  in  the  treatment  of 
cherry  leaf  blight,  and  the  results  have  been  similarly  encouraging. 
For  instructions  as  to  the  treatment  of  the  disease  in  the  nurser^^  the 
reader  is  referred  to  the  discussion  of  cherry  leaf  blight.  Only  apph- 
cations  of  the  fungicide  which  are  made  with  thoroughness  can  be 
expected  to  yield  satisfactory  results.  As  for  the  treatment  of  the  par- 
asite in  its  attacks  on  bearing  trees,  where  it  often  causes  heavy  losses, 
our  knowledge  is  far  from  complete.  The  writer's  experiments^  at 
Geneva  point  out  some  of  the  difficulties  in  its  treatment.  The  great 
variation  in  date  of  appearance  and  the  remarkable  dependence  of 
the  parasite  on  climatic  conditions  make  a  close  observation  of  these 

'  The  literature  cited  under  cherry  leaf  bhght  includes  luucli  that  refers  to  this 
disease  as  it  affects  nursery  stock,  and  should  be  consulted. 

-  Fairchild,  D.  G.  Miscellaneous  work  in  !NeAV  York  J^tate.  <Div.  Veg.  Path.  Bull. 
No.  3, 1892,  pp.  62,  63. 
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factors  of  the  utmost  importance.  Treatments  made  early  in  the  season 
do  not  seem  capable  of  i)reventing  the  attacks  of  the  parasite  when  it 
appears  late  in  the  summer,  and  it  seems  probable  that  the  use  of  the 
mixture  must  be  continued  at  intervals  through  the  summer  if  the  best 
results  are  wished,  providing-  moist,  muggy  weather  occurs.  It  must 
be  confessed  that  there  is  a  lack  of  sufficiently  extensive  experiments 
to  make  any  definite  recommendations  possible.  The  use  of  the  mix- 
ture in  Geneva  has  been  attended  with  only  partially  vsuccessful  results. 

PLUM   LEAF   RUST. 

{Pucchiia  pruni  Pers.) 

The  experiments  on  this  disease  have  not  been  extensive.  Brunk 
in  an  experiment  in  1888  reported  very  encouraging  results  from 
the  use  of  Bordeaux  mixture,  but  in  the  printed  account  no  details 
are  given,  and  few  deSnite  conclusions  can  be  drawn  from  snch  a 
report.  ^  Some  recent  experiments  by  ]!^.  B.  Pierce,  however,  show  the 
disease  as  it  occurs  on  the  i^rune  to  be  qnite  amenable  to  treatment 
with  other  copper  solutions,  and  strengthens  the  belief  that  Bordeaux 
mixture  may  really  prove  a  specific  for  this  malady,  which  is  especially 
dreaded  in  the  Sonth  and  West.  As  this  is  the  first  rust  fnngns  whicl) 
lias  really  fully  yielded  to  the  preventive  treatments  with  copper 
preparations,  more  than  usually  conclusive  experiments  are  necessary 
to  establish  the  efficacy  of  such  treatments. 

lp:af  blight  or  spot  of  (^^ince. 

{Entomosporium  maculatum  Lev.) 

Although  the  first  experiments  with  Bordeaux  mixture  as  a  pre- 
ventive of  this  disease  seem  to  have  been  carried  on  by  Pearson^  in  1889, 
the  work  of  Thaxter^  and  the  experiments  of  the  writer^  have  placed 
the  matter  on  a  surer  footing.  The  author's  experiments  carried  on  in 
1891  were  on  too  small  a  scale  to  be  conclusive,  and  the  results,  while 
showing  the  supeiiority  of  Bordeaux  mixture  over  several  other  fun- 
gicides, would  not   warrant  its  recommendation.    Unfortunately  the 

^Galloway,  B.  T.  Bordeaux  mixture  for  the  plum  leaf  blight.  <^Jonr.  of  Mycol., 
Vol.5,  Mar.,  1889,  p. 38.  Gives  au  extract  from  a  letter  by  Bruuk  ou  the  subject  of 
his  experiments. 

'^Pearson,  A.  TV.  Quince  diseases.  <Sect.  \eg.  Path.  Bull.  No.  11,  1890,  pp.  46,  47. 
The  observation  made  by  Pearson  that  the  treated  tree  was  the  only  one  of  six  which 
fruited  the  season  following-,  is  significant  when  viewed  in  the  light  of  Thaxter's 
experiments. 

'•  Thaxter,  Bolaud.  Some  results  from  the  application  of  fungicides.  <^Conn.  Exp. 
Sta.,  Fourteenth  Ann.  Rept.  for  1890,  1891,  pp.  21-22.  Further  results  from  the 
application  of  fungicides  to  prevent  the  "si^ot"  of  quince.  <^Ibid.  for  1891, 1892,  pp. 
"150-152. 

'^FaircliiM,  D.  G.  Tests  of  fungicides  for  (piince  spot.  <^Div.  Veg.  Path.  Bull.  No. 
3,  1892,  pp.  65-68,  plates  vii  and  viii. 
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experiment  was  not  continued  a  second  year.  The  striking  results 
of  Tbaxter's  simple  experiment  continued  through  two  years  are  among 
the  most  remarkable  that  have  been  obtained  from  the  use  of  this  mix- 
ture, and  it  is  to  be  regretted  tliat  the  report  in  wliicli  the  experiments 
are  recorded  is  not  sufficiently^  explicit  as  to  the  relative  fruitage  of  the 
treated  and  untreated  trees  previous  to  the  experiment.  The  fruitage 
of  two  rows  treated  with  Bordeaux  mixture  for  two  successive  years, 
thereby  keeping  the  foliage  intact  during  both  growing  seasons,  was  one 
hundred-fold  that  of  adjacent  rows  which  had  been  left  without  treat- 
ment. Such  a  remarkable  increase  requires  a  more  than  usually 
exi^licit  explanation,  and  until  further  experiments  can  be  carried  on 
aloi>g  the  same  lines,  must  be  considered  as  unique.  Four  to  six  treat- 
ments, according  to  the  Aveather  conditions,  begun  immediately  after 
the  blossoms  fell  and  continued  at  intervals  of  fourteen  days,  have 
proved  effective  in  preventing  both  the  spot  on  the  fruit  and  leaf  blight, 
which  are  both  caused  by  the  same  parasite. 

The  i)0ssibility  of  successfully  preventing  leaf  blight  of  quince  cut- 
tings has  been  established  bej'ond  doubt  by  investigations  carried  on 
by  the  writer  ^  at  Geneva. 

These  experiments  show  a  remarkable  tendency  of  the  quince  to 
loss  of  foliage,  and  in  this  resi)ect  are  corroborative  of  Thaxter's  results 
with  bearing  trees.  Five  to  six  applications,  begun  immediately  after 
full  formation  of  the  leaves  and  continued  at  intervals  of  two  weeks, 
were  found  sufficient  to  perfectly  protect  cuttings  from  the  disease. 
A  60-gallon  formula  proved  effective  and  the  caliper  of  treated  cut- 
tings averaged  nearly  -jV  of  an  inch  greater  than  that  of  tin  treated. 
The  study  of  this  disease  offers  a  promising  field  for  future  research. 

PEACH   LEAF    CURL. 

{Taphrina  deformans  (Berk.)  Tul.) 

The  only  experiments  which  have  come  to  my  notice  bearing  upon 
the  prevention  of  this  disease  are  those  conducted  by  Benton^  in  Cali- 
fornia and  Taft^  in  Michigan.  The  experiments  of  Benton  seem  to 
show  with  considerable  clearness  that  the  fungus  can  be  prevented 
from  gaining  entrance  into  the  peach  foliage  if  a  fungicide  be  applied 
just  before  the  buds  unfold,  but  if  treatments  are  postponed  unti)  the 
leaves  are  fully  expanded  the  parasite  gains  a  foothold  and  pushes  its 

^  Fair  child,  D.  (r.  Experiments  in  preventing  leaf  diseases  of  nursery  stock  in 
western  New  York.  <Jour.  of  My  col.,  Vol.  7,  1893,  pp.  247-248,  plates  xxiv,  xxv. 

^B  [en<ow]  L.  E.  An  experiment  with  the  ''curl  leaf  in  the  university  orchard. 
<Pacific  Rural  Press,  Vol.  40,  No.  5,  Aug.  2,  1890.  I  am  indebted  to  Prof.  A^'ickson 
for  providing  me  with  the  clipping  and  to  Mr.  Benton  himself  lor  the  reference  to  his 
work. 

•'Taft,  L.  R.  The  Allegan  Gazette,  Allegan,  Mich.,  July  1,  1893.  I  iifortunately 
I  have  not  been  able  to  secure  a  copy  of  Prof.  Taft's  article. 
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way  into  the  growing  point,  froniAvbence  it  spreads  to  the  young  leaves 
as  they  are  successively  formed. 

While  I  do  not  feel  warranted  in  concluding  from  Benton's  experi- 
ments that  Bordeaux  mixture  will  prove  a  specific  for  the  disease,  the 
indications  offered  by  his  work  are  the  most  hopeful  that  I  have  yet 
seen.  These  are  further  corroborated  by  the  results  obtained  by  Taft, 
which  he  informs  me  were  entirely  successful.  The  economic  impor- 
tance of  the  disease  certainly  warrants  extensive  experiments  upon  it. 

PEACH   ROT.' 

{Monilia  fructiffena  Pers.) 

The  experiments  which  have  been  carried  on  for  the  x^revention  of 
this  disease  are  meager  and  nothing  conclusive  can  be  drawn  from  them. 
Those  of  Galloway,^  made  in  1891,  were  entirely  negative,  and  those  of 
Chester^  made  in  1892,  while  giving  considerable  hope  of  success,  are  by 
no  means  conclusive.  The  amount  of  fruit  destroyed  by  rot  after  six 
applications  with  a  3 7- gallon  formula,  begun  April  29  and  continued 
until  July  2,  Avas  from  13  to  19  per  cent,  while  the  loss  on  the  untreated 
was  32  x^er  cent.  It  is  to  be  lio})ed  that  further  experiments  on  this 
destructive  disease  will  be  carried  out. 

APPLE    BITTER   ROT.* 

( Glceosporium  fructigenum  Berk.) 

Although  the  experiments  of  Curtiss^  on  this  disease  i)ointed  to  its 
control  by  the  use  of  the  potassium  sulphide  as  early  as  1889,  it  was 
not  until  the  present  year  that  Bordeaux  mixture  has  been  tried  against 
it.  The  experiments  of  Garman,^  while  not  extensive  enough  to  be 
entirely  conclusive,  are  certainly  of  sufficient  importance  to  warrant 
the  test  of  the  mixture  in  practice,  with  fair  hopes  of  success.  The 
22-gallon  formula  alone  was  used.  At  least  four  treatments,  beginning 
before  the  petals  fall  and  continuing  at  intervals  of  two  weeks,  vary- 
ing somewhat  with  the  weather,  are  recommended.  The  same  disease, 
as  it  occurs  on  the  grape,  has  not,  so  far  as  I  am  aware,  been  experi- 
mented upon  with  a  view  to  its  prevention. 

1  This  disease  has  been  called  peach  blight  by  Dr.  Erwiu  F.  Smith  wben  the  fun- 
gus attacks  the  young  wood  and  foliage  (aee  Jour,  of  Mycol.,  Vol.  7,  Sept,  10,  1891, 
p.  36). 

2  Galloway f  B.  T.  An  experiment  in  the  treatment  of  peach  rot.  <Div.  Yeg.  Path. 
Bull.  No.  3,  1892,  pp.  60-61. 

^Chester,  F.  D.  Can  peach  rot  be  controlled  T)y  spraying?  <^Del.  Exp.  Sta.  Bull. 
No.  19,  Dec,  1892,  pp.  16. 

**Mis8  E.  A.  South  worth  has  suggested  the  name  of  ripe  rot  for  this  disease,  which 
appears  on  both  apples  and  grapes  (see  Jour,  of  Mycol.,  Vol.  6,  1891,  p.  164). 

^  Curtiss,  Geo.  G.  Treatment  of  bitter  rot  of  the  apple.  <Sec.  Veg.  Path.  Bull. 
No.  11,  1890,  pp.  38-41. 

^  Garman,  H.  Bordeaux  mixture  for  apple  pests.  <Ky.  Exp.  Sta.  Bull.  No.  44,  Jan., 
1893,  pp.  1-24. 
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APPLE   SOAB. 

{Fusicladium  dendriUeum  (Wallr.)  Fuckl.) 

The  earliest  experiments  on  tliis  disease  made  in  America,  although 
of  interest,  need  not  be  discussed  here,  since  in  none  of  them  was  Bor- 
deaux mixture  employed.  One  point  is  noteworthy,  however,  that  treat- 
ments made  after  the  fruit  had  attained  the  size  of  small  peas  gave 
onl}'  ])artial]y  successful  results. 

In  the  light  of  our  present  knowledge  on  the  date  of  first  infection 
of  fruits,  this  failure  is  not  to  be  wondered  at,  as  the  young  flowers  of 
the  apple  before  the  petals  fall  are  often  seriously  aflected  by  the  dis- 
ease, and  any  treatments  begun  after  this  infection,  can  not,  of  course, 
fully  prevent  the  injury.  I  have  observed  in  Maryland  that  the  scab 
spots  are  able  to  grow  beneath  a  layer  of  Bordeaux  mixture. 

The  first  reference  to  the  use  of  Bordeaux  mixture  as  a  remedy 
for  apple  scab  seems  to  be  that  of  Gothe'  in  1889.  This  author  did 
not  secure  any  striking  results,  and  records  an  injury  to  the  fruit  from 
the  use  of  a  mixture  improperly  i^repared.  At  the  above  date  he  advised 
a  reduction  from  the  20  to  the  78  gallon  formula,  recording  better  results 
from  a  39 -gallon  than  Irom  a  26-gallon  formula. 

In  1891  Green- carried  on  an  excellent  series  of  experiments  in  the 
treatment  of  the  disease,  which,  from  its  size  and  the  carefulness  with 
which  it  was  carried  out,  make  it,  so  far  as  the  writer's  search  has 
revealed,  the  most  valuable  contribution  to  the  subject  yet  published. 
The  exi)eriments  of  Taft  and  Goff  with  other  fungicides  than  Bordeaux 
mixture  seem  to  have  yielded  results  which  will  not  bear  a  careful  com- 
parison with  those  obtained  by  the  use  of  this  latter  mixture.  It  can 
quite  safely  be  stated  that  in  the  treatment  of  apple  scab  this  mixture 
has  proved  more  efficacious  than  any  other.  From  the  extensive  nature 
of  Green's  experiment  and  the  evidence  offered  by  the  subsequent 
experiments  of  Goff,^  Lodeman,"*  Munson,^  and  Garman,^  as  well  as 
from  the  testimony  of  many  practical  horticulturists,  it  may  safely  be 

1  Gothe.  Zur  Bekampfung  des  Apfelrostes.  <^Garteuflora,  1889,  38.  Jahrg.,  Heft  9, 
p.  241.  Weed  has  also  recorded  injury  from  the  use  of  the  mixture  upon  apples, 
probably  from  its  improper  preparation  (see  "  A  season's  work  among  the  enemies 
of  the  horticulturist".  <^ Jour.  Columbus  Hort.  Soc.,Vol,  4,  Dec,  1889,  pp.  94-106). 

^Green,  W.  J.  The  spraying  of  orchards,  (1)  spraying  to  prevent  apple  scab. 
<Ohio  Exp.  Sta.  Bull.  No.  9,  Vol.  4,  2d  ser.,  Dec,  1891,  pp.  193-212,  pis.  viii-xiii. 

^Goff,  E.  S.  Experiments  in  the  treatment  of  apple  scab  in  Wisconsin.  <^Div. 
Veg.  Path.  Bull.  No.  3,  1892,  pp.  31-36. 

*Lodeman,  E.  G.  Spraying  apple  orchards  iu  a  wet  season.  <N.  Y.  Cornell  Exp. 
Sta.  Bull.  No.  48,  Dec,  1892,  pp.  265-298. 

^Munson,  W.  M.  Apple  scab  {Fusicladium  dendriticum).  <^Me.  Exp.  Sta.  Ann.  Rept., 
1891, 1892,  pp.  110-122.  Although  the  fungicides  used  by  Munson  did  not  include  Bor- 
deaux mixture,  the  remarkable  etfect  of  early  treatments  make  the  work  noteworthy 
in  this  connection. 

^Garman,  H.  Bordeaux  mixture  for  apple  pests.  <Ky.  Exj).  Sta.  Bull.  No.  44, 
Jan.,  1893,  p.  25. 
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affirmed  that  the  treatmeut  of  apple  scab  is  successful  ironi  an  eco- 
nomic standpoint.  The  increased  size  of  tlie  fruit  from  the  prevention 
of  the  fungus,  wliicli  has  been  shown  by  Green  to  be  considerable,  as 
well  as  the  i)roduction  of  fair  fruit,  make  the  increased  market  value 
of  the  crop  many  times  greater  than   the  expense  of  treatment. 

As  above  indicated,  the  treatments  to  be  successful  must  be  made 
early,  and  from  the  knowledge  at  hand  it  seems  quite  probable  that  the 
best  results  will  follow  such  a  course  of  procedure  as  is  here  outlined. 
The  first  treatment  should  be  made  as  the  fruit  buds  are  unfolding  in 
the  spring  and  the  scales  upon  opening  reveal  the  clusters  of  young 
unopened  flowers.  The  second  spraying  shouhl  be  done  after  the  young 
flower  clusters  are  expanded,  but  before  the  individual  blossoms  have 
opened;  and  the  third  application  as  the  petals  are  falHng,  indicating 
that  the  fruit  has  set.  It  is  always  advisable  to  make  these  three  appli- 
cations, but  a  fourth  spraying  may  possibly  be  omitted  in  dry  seasons, 
although  if  frequent  rains  occur  it  should  not  be  postponed  beyond  the 
period  when  the  fruit  is  one-half  inch  in  diameter.  Treatments  madelater 
than  this  period  have  proved  to  be  of  doubtful  value.  The  successful 
results  obtained  by  Green  with  a  75-gallou  formula  of  the  mixture  leave 
scarcely  anything  to  be  desired,  and  such  a  fornnila  it  would  seem  can 
safely  be  recommended.  For  the  first  treatment  a  stronger  mixture 
may  be  found,  after  more  extended  experiments,  to  be  economical. 

Paris  green  may  be  added  with  safety  to  prevent  the  codling  moth, 
but  it  should  be  applied  at  the  time  of  the  second  and  third  sprayings 
only,  at  the  rate  of  1  pound  to  200  gallons  of  the  mixture. 

GOOSEBERRY    I'OWDERY   MILDEW. 

{t^phcerotheca  morsiivce  (Schw.)  Berk.  &  Curt.) 

Although  this  disease  has  been  considered  by  some  writers  to  be 
easily  controlled  by  the  use  of  potassium  sulphide,  and  there  exists 
some  evidence  that  such  control  is  possible,  so  far  as  I  am  aware  no 
well-conducted  experiments  have  been  reported  on  its  treatment  with 
Bordeaux  mixture.  From  my  own  observations  of  treatments  made 
by  Beach,  at  the  Geneva  Agricultural  Experiment  Station,  the  results 
of  which  have  not  yet  been  published,  I  am  led  to  hoi)e  that  it  will 
prove  successful,  but  until  extensive  tests  are  made  no  warrant  exists 
for  its  recommendation. 

CURRANT   LEAF    SPOT. 

(Septoria  rihis  (Lib.)  Desm. 

Our  knowledge  of  the  effectiveness  of  Bordeaux  mixture  in  the  pre- 
vention of  this  disease  rests  upon  experiments  made  by  Pammel  ^  in  1890 
and  1891.    The  experiments,  although  encouraging,  do  not  clearly  demon- 

^  Pammel,  L.  H.  Treatment  of  fungous  diseases.  <^Iowa  Exp.  Sta.  Bull.  No.  13, 
May,  1891,  pp.  31-5L  Treatment  of  some  fungous  diseases;  experiments  made  in 
1891.  <Iowa  Exp.  Sta.  Bull.  No.  17,  pp.  20. 
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strate  the  economic  viilue  of  the  use  of  the  mixture.  Three  treatments 
did  not  prove  entirely  eft'ective,  although  seven  with  ammoniacal  solu- 
tion, begun  soon  after  the  leaves  were  fully  grown,  showed  quite  striking 
results.  The  fact  that  the  author  treated  at  the  same  time  the  disease 
caused  by  Sejytoria  and  another  malady  produced  by  Cercospora 
anr/ustafa  makes  it  difficult  to  clearly  ascertain  the  effects  of  the  fungi- 
cide on  either  fungus.  It  mu.st  be  concluded  that  if  Bordeaux  mixture 
proves  effective  for  this  disease,  it  will  need  to  be  used  more  frequently 
than  in  Pammel's  experiments. 

STRAWBERRY   LEAF    BLIGHT. 

{Sp/KvrcUa  fragariw  (Tul.)  Sacc.) 

It  is  probable  that  the  unsuccessful  use  of  Bordeaux  mixture  for  this 
disease,  as  recorded  in  the  experiments  of  Pearson'  and  Earle,-  was  due 
to  the  fact  that  the  treatments  were  begun  too  late  iu  the  season  and 
were  not  repeated  sufficieuth'  often.  The  careful  experiments  of  Gar- 
man.^  reported  the  same  year,  seem  to  corroborate  this  conclusion, 
since  they  indicate  quite  plainly  the  efficacy  of  the  mixture.  Treat- 
ments with  the  22-gallon  formula  of  Bordeaux  mixture,  begun  immedi- 
ately after  the  removal  of  the  berries  and  continued  at  intervals  of  two 
weeks  until  danger  from  the  parasite  was  past,  proved  more  effective  than 
eau  celeste,  liver  of  sulphur,  or  London  purple,  and  were  in  most  respects 
entirely  satisfactory.  It  will  be  necessary  to  continue  the  experiments 
through  several  years  to  establish  the  economic  value  of  such  treat- 
ments. Whether  the  increased  vigor  of  the  treated  plants  the  follow- 
ing year  will  warrant  the  expense  of  spraying  has  not  yet  been  deter- 
mined. 

RASPBERRY   ANTHRAC^OSE. 

{Glceosjjorinm  venetum  S])eg.) 

The  experiments  to  determine  the  effect  of  Bordeaux  mixture  on  this 
disease  are  very  unsatisfactory,  and  while  there  is  some  reason  to  believe 
it  may  prove  effective,  sufficiently  extensive  experiments  have  not  been 
made  to  warrant  its  recommendation.  ^ 

POTATO  BLIGHT  OR  ROT. 

{Phytophthora  hifeHtauH  (Montaigne)  DeBary. ) 

This  disease  nmy  be  said  to  be  one  of  those  most  amenable  to  treat- 
ment.    Exi)eriments  in  its  prevention  with  Bordeaux  mixture  were  first 

'  Pearson,  A.  W.  Eeport  of  A.  W.  Pearson,  strawberry  leaf  blight.  <^Sec.  Veg.  Path. 
Bull.  No.  11,1890,  p.  49. 

'Earh,  F.  S.  Keport  of  F.  S.  Earle.  </6J(/..  pp.  84.  85. 

2  Garman,  H.  Some  strawberry  pests ;  the  strawberry  leaf  blight  fungus.  <^Ky.  Exp. 
Sta.  Bull.  Xo.  31,  Dec., 1890,  pp.  3-13. 

*Green,  W.J.  Treatment  of  raspberry  anthracuose.  <Ohio  Exp,  Sta.  Bull.  No.  6, 
Vol.  4,  2d  ser.,  Oct.,  1891,  pp.  119-121. 
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made,  accordiog  to  M.  Girard/  by  Jouet  in  1885.  These  were  followed 
in  1886  by  experiments  conducted  by  Fasquelle,  but  reported  to  the 
Societe  I^ationale  d'Agr.  de  France  by  Prillieux  in  1886.^  These  experi- 
ments were  merely  preliminary  to  those  carried  on  by  Prillieux^  him- 
self, which,  although  on  a  small  scale,  were  quite  conclusive.  It  must 
be  conceded,  however,  that  to  Girard  is  due  the  credit  of  conducting  the 
first  extensive  series  of  experiments  in  the  treatment  of  the  disease,  and 
the  use  of  Bordeaux  mixture  in  potato  fields  really  dates  from  his  experi- 
ments. 

In  America,  as  lately  pointed  out  by  Galloway,^  this  disease  is  of 
comparatively  rare  occurrence,  and  many  of  the  experiments,  notably 
those  of  Weed,^  were  probably  against  another  disease,  with  which 
Macrosporium  solani  seems  to  be  invariably  connected. 

The  striking  results  obtained  by  Pearson,^  and  later  the  more 
extended  experiments  of  Jones,"  were  undoubtedly  with  Phytophthora, 
and  confirm  the  results  of  the  French  experiments,  as  far  as  America 
is  concerned.  I  am  in  doubt  as  to  the  nature  of  the  potato  disease 
upon  which  Kinney  experimented."  Jones's  experiments  show  the 
superiority  of  this  mixture  over  ammoniacal  solution  and  a  copper  car- 
bonate and  glue  mixture.  By  far  the  most  extensive  tests  of  this 
mixture,  so  far  as  my  knowledge  goes,  have  been  made  in  Belgium  by 
Thienpont,^  and  in  England  by  Voelcker  ^'^  and  Whitehead.'^  An 
examination  of  these  reports  will,  it  is  believed  convince  the  most  skep- 
tical that  the  matter  of  profitably  treating  potato  rot  has  gone  beyond 

'  Girard,  Aime.  Traitement  do  la  maladio  des  pommes  de  terre  par  ]es  eels  de 
cuivre.  <Rev.  Horticole,  62^  aun.,  No.  13,  July  1,  1890,  pp.  301-304;  see  also  Compt. 
Rend.,  1. 110, 1890,  pp.  1089-1092,  and  Jour.  d'Agr.  Prat.,  1. 1,  54«  ann.,  1890,  pp.  803-806. 

-  rrillieux.  Jour.  d'Agr.  Prat.,  t.  2,  50*^  ann.,  1886,  p.  886. 

3  Prillieux.  Exp<$rience  de  traitement  de  la  maladie  des  pommes  de  terre.  <^Jour. 
d'Agr.  Prat.,  t.  2,  52«  ann.,  1888,  pp.  204,  265. 

■»  Galloivay,  B.  T.  Proc.  Am.  Asso.  Adv.  Agr.  Sci.,  1893,  p.  46. 

^  Weed,  C.  M.  An  experiment  in  prev^enting  the  injuries  of  potato  rot  (Phytoph- 
ihora  ivfestana).  <^Jour.  of  My  col.,  Vol.  5,  pp.  158-160. 

Burrill,  T.  J.,  and  McCluer,  G.  W.  Use  of  fungicides  upon  the  apple,  the  potato, 
and  the  grape.  <I11.  Exp.  Sta.  Bull.  No.  15,  1891,  pp.  489-496. 

'^Pearson,   A.   TV.  Report  of  Col.  A.   W.  Pearson.  <Sec.  Veg.  Path.  Bull.  No.  11, 

1890,  pp.  47-49. 

T  Jones,  L.  li.  Potato  blight  and  rot.  <  Vt.  Exp.  Sta.  Bull.  No.  24,  May,  1891,  pp. 
19-32;  also  Fifth  Ann.  Rept.  of  same  station,  1891,  pp.  130. 131. 

^Kinney,  L.  F.  Downy  mildew  of  the  potato  blight.  The  Bordeaux  mixture  as 
a  preventive  of  the  potato  blight,  experiments  with  at  this  station.  <^R.  I.  Exp. 
Sta.,  Third  Ann.  Rept.,  part  2,  Jan.,  1891,  pp.  137-152. 

"*  Thienj)ont,  E.  Le  traitement  de  la  maladie  de  la  pomme  de  terre.  Rapport  sur 
des  exp6riences  faites  en  Belgique  et  en  Hollande  pendant  Fannie  1890.    Bruxelles, 

1891,  pp.  49,  80.  This  is  a  most  convincing  treatise  on  the  subject,  and  settles  beyond 
dispute  the  profitableness  of  the  use  of  Bordeaux  mixture. 

^°  FoelcTcer,  J.  A.  The  Woburn  experiments  on  prevention  and  cure  of  potato  dis- 
ease.    <  Jour.  Royal  Agr.  Soc.  of  England,  od  ser.,  Dec.  31,  1892,  Vol.  3,  pp.  771-783. 

11  Whitehead,  Charles.  Report  on  experiments  on  prevention  and  cure  of  potato 
disease.     < /fcifZ.,  pp.  761-771. 
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the  stage  of  experimentation.  The  best  results  are  obtained  by  pre- 
ventive applications,  beginning  at  least  two  weeks  before  the  accus- 
tomed appearance  of  the  disease,  and  repeating  at  intervals  of  fourteen 
days.  Two  or  three  applications,  depending  upon  the  weather  condi 
tions,  have  proved  sufficient,  but  in  case  of  unusually  rainy  weather 
four  applications  may  be  found  necessary.  Two  curative  treatments, 
begun  on  the  first  appearance  of  the  disease,  have  proved  remarkably 
satisfactory,  but  according  to  Thienpont  are  not  as  profitable  as  pre- 
ventive treatments.  A  single  treatment  has  been  shown  quite  clearly 
by  Yoelcker  to  yield  only  inferior  results.  There  is  some  belief  that  the 
mixture  acts  as  a  stimulus  upon  the  potato  plant,  increasing  the  carbon 
assimilation,  although  no  experiments  have  been  made  to  prove  this. 
The  yield  of  tubers  from  treated  plants  as  compared  with  untreated 
varies  greatly,  but  has  reached  as  high  as  69  bushels  increase  per  acre 
of  treated  plants. 

POTATO   LEAF   BLIGHT    OR   3IACROSPORIUM   DISEASE. 

[Macrosporiinn  solani  Eav.) 

Experiments  by  Weed,'  Hunn,^  Goff,^  and  Burrill  and  McCluer,'* 
point  quite  conclusively  to  a  control  of  this  disease  by  treatments  with. 
Bordeaux  mixture.  Tlie  recent  results  of  Galloway's  experiments^ 
admit  of  no  further  doubt  in  the  matter.  The  treatments  to  be  most 
successful  must  be  at  least  three  in  number,  begun  shortly  before  the 
usual  appearance  of  the  disease  and  continued  at  intervals  of  two  to 
three  weeks,  according  to  the  climatic  conditions.  The  increase  in  yield 
of  treated  over  untreated  plants  seems  to  warrant  its  use  in  practice. 

POTATO    SCAB. 

( Oospora  scabies  Thaxter.) 

Bordeaux  mixture  has  been  tested  as  a  preventive  of  this  disease  by 
Beach,"  Kinney,^  and  Bolley,^  and  incidentally  by  Weed,^  and  although 
it  has  shown  results  indicating  its  partial  eft'ectiveness,  its  efficacy  is 

'  Weed,  C.  M.  loc.  cit. 

-Hiinn,  C.  E.  Bordeaux  mixture  used  to  prevent  potato  bliffht  <^^.  Y.  Exp. 
Sta.  Bull.  Xo.  49,  n.  ser.,  Jan.,  1893,  pp.  13-16. 

^Croff,  E.  S.  Bordeaux  mixture  as  a  preventive  of  potato  rot.  <^Report  of  Div. 
of  Veg.  Path.  1890,  p.  400;  also  Rural  NeAv  Yorker,  June  13,  1891,  Vol.  50,  p.  453. 

'* Burrill  and  McCluer,  loc.  cit. 

^aalloway,  B.  T.  Proc.  Soc.  Promotion  of  Agr.  Sci.,  1893,  pp.  46-58. 

^[Beach,  S.  A.}  Treatment  of  potato  scab.  <N.  Y.  State  Exp.  Sta.  Bull.  No.  49,  n. 
ser.,  Jan.,  1893,  pp.  3-13. 

'Kinney,  L.  F.  loc.  cit. 

^Bolley,  H.  L.  Potato  scab  and  possibilities  of  prevention.  <]S".  Dak.  Exp. 
Sta.  Bull.  Xo.  4,  Dec,  1891,  pp.  1-14,  21-31.  Prevention  of  potato  scab.  <CIbid.,  Bull. 
No.  9,  Mar.,  1893,  pp.  27-41.  These  are  the  best  experiments  which  have  been  reported 
upon  this  disease. 

^  Weed,  C.  M.  An  experiment  in  preventing  the  injuries  of  potato  rot.  <^Jour.  of 
My  col.,  Vol.  5,  Sept.,  1889,  p.  160. 
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so  far  inferior  to  that  obtained  by  the  use  of  mercuric  bichloride  as  to 
make  its  abandonment  ahuost  certain.  The  diseased  seed  was  soaked 
in  the  mixture  (22-gallon  formula)  and  the  soil  treated  with  it  before 
the  planting  of  the  potatoes,  but  without  satisfactory  results.  The 
results  of  Bolley,  in  part  corroborated  by  those  obtained  by  Beach, 
make  the  use  of  corrosive  sublimate  promising,  although  field  prac- 
tice has  not  as  yet  shown  its  economic  value.  While  treatments 
with  Bordeaux  mixture  gave  at  least  50  per  cent  of  diseased  tubers 
when  diseased  seed  was  used,  immersion  of  the  seed  tubers  for  one 
and  a  half  hours  in  a  solution  of  mercuric  bichloride  (2  ounces  in  15 
gallons  of  water)  saved  all  but  2  per  cent  from  the  disease. 

BEAN   ANTHRACNOSE. 

{Colletotrichum  Undemuthianum  Sacc.  and  Magn.) 

The  principal  experiments  upon  the  prevention  of  this  disease  have 
been  carried  on  by  Beach, ^  and  although  very  promising,  need  to  be 
repeated  upon  a  larger  scale  in  order  to  warrant  definite  conclusions  as 
to  their  economic  value.  The  experiments  have  clearly  pointed  out  the 
advisability  of  using  only  healthy  seed  and  the  unprofitableness  of 
'attempting  to  disinfect  beans  already  spotted  or  attacked  by  the  imra- 
site.  They  have  further  demonstrated,  as  far  as  one  year's  experi- 
ments can,  the  possibility  of  protecting  the  foliage  and  pods  from  the 
fungus  by  four  sprayings  with  Bordeaux  mixture,  begun  before  blos- 
soming and  continued  at  intervals  of  two  weeks.  A  90-gallon  formula 
was  used,  enough  Ivory  soap  being  added  to  make  suds.  The  diseased 
pods  from  treated  vines  were  notably  less  in  number  than  from 
untreated,  and  the  foliage  was  strikingly  superior,  but  whether  or  not 
the  increase  in  fair  pods  and  vigor  of  plants  will  warrant  the  use  of 
Bordeaux  mixture  in  the  field  when  healthy  seed  is  used  is  a  question 
as  yet  unsettled. 

DOWNY   MILDEW   OF    THE    TOMATO. 

{Phytoplithora  infestans  (Montaigne)  De  Bary.) 

The  experiments  upon  this  disease  do  not  warrant  a  recommendation 
of  Bordeaux  mixture,  except  tentatively.  Calaret^  has  reported  its 
successful  use,  but  without  sufficiently  definite  exj)eriments. 

BLACK   EOT    OF   THE    TOMATO. 

[Macrosporium  solani  Bav.) 

Our  knowledge  of  the  prevention  of  this  disease  by  the  use  of  Bor- 
deaux mixture  seems  to  be  limited  to  that  furnished  by  a  single  exper- 

^Beach,  S.  A.  Some  Lean  diseases.  <N.  Y,  Aj^r.  P^xp.  Sta.  Bull.  No.  48,  n.  ser.,  Dec, 
1892,  pp.  308-332. 

^Calarct.  La  bouillie  bordelaise  et  les  tomates.  <Jour.  d'Agr.  Prat.,  t.  2,  50  aun., 
1886,  p.  399. 
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inient  conducted  in  South  Carolina  by  Howell. '  The  results  were  so 
decidedly  successful,  however,  as  to  warrant  a  more  extended  trial,  but 
many  more  experiments  will  be  necessary  to  establish  its  profitableness 
when  used  on  a  large  scale.  The  treatments,  although  not  begun  until 
after  the  disease  appeared,  saved  all  bat  4  per  cent  from  the  rot  as 
compared  with  60  per  cent  destroyed  on  untreated  vines.  Three  appli- 
cations were  made  at  intervals  of  fourteen  to  fifteen  days,  beginning 
when  the  fruit  was  three-fourths  of  an  inch  in  diameter. 

DOWNY  MILDEW   OF   THE   BEET. 

{Pero7iospora  schachtii  Fuckl.) 

So  far  as  the  writer  is  aware  the  simple  experiment  of  M  Girard,^ 
reported  in  1891,  is  the  only  one  which  has  been  made  with  a  view  of 
preventing  this  disease.  In  this  experiment  Bordeaux  mixture,  26-gal- 
lon  formula,  when  applied  only  once  after  the  first  appearance  of  the 
disease,  although  not  enabling  the  beets  to  attain  their  normal  size, 
effectually  checked  the  spread  of  the  parasite  and  increased  the  per- 
centage of  sugar  above  that  stored  up  by  the  untreated  beets.  This 
amount  did  not  equal  that  found  normally  in  beets  growing  where  no 
disease  is  present. 

CRANBERRY   GALL   FUNGUS. 

(Synchytrium  vaccinii  Thomas.) 

The  experiments  of  Halsted^  upon  this  disease  do  not  admit  of  any 
great  hope  that  Bordeaux  mixture  will  prove  a  specific  for  it. 

CRANBERRY   SCALD. 

Like  the  cranberry  gall  fungus,  the  parasite  causing  the  disease  has 
not  shown  itself  amenable  to  treatment.^ 

MIGNONETTE    LEAF   BLIGHT. 

{Gercospora  resedce  Fuckl.) 

A  simple  experiment  bj^  the  writer  ^  with  potted  i^lants  carried  on 
in  the  greenhouse  of  the  Department  of  Agriculture,  showed  quite 
plainly  the  efficacy  of  this  mixture  as  a  preventive.    The  trial  was 

^Howell,  A.  M.  Experiments  in  the  treatment  of  tomato  rot.  <See.  of  Veg,  Path. 
Bull.  No.  11,  1890,  pp.  61-65. 

^Girard,  Aime.  Destruction  du  Peronospora  schachtii  a  I'aide  des  composes  cui- 
vriques.      <^Jour.  d'Agr.  Prat.,  t.  2,  SS'^  ann.,  1891,  pp.  15, 16. 

"'Hahted,  B.  D.  Experiments  for  the  year  on  cranberry  diseases.  <^Rept.  X.  J. 
State  Board  of  Agr.,  Vol.  18, 1891,  pp.  266-272. 

"^Hahted,  B.  D.  The  cranberry  scald.  <Gardeu  and  Forest,  Vol.  4,  Nov.  4,  1891, 
p.  524. 

^Fairchild,  D.  G.     A  mignonette  disease  (Cercospora  resedce  Fiickl.).     <^Ann.  Rept. 
of  Sec.  Veg.  Path,  in  Ann.  Rept.  Dept.  Agr.  for  1889,  pp.  429-432. 
24238— No.  6 4 
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not  extensive  nor  was  it  repeated,  and,  furthermore,  it  was  carried  on 
under  somewhat  abnormal  conditions.  Bordeaux  mixture  proved 
superior  to  ammoniacal  solution,  and  will  probably  be  quite  efficient  in 
holding  the  disease  in  check  if  applied  before  it  appears.  The  22-gal- 
lon  formula  was  used  in  the  experiment,  three  applications  being  made, 
and  no  objectionable  spotting  of  the  flowers  was  evident.  This  is,  so 
far  as  I  am  aware,  the  only  experiment  which  has  been  made  for  the 
prevention  of  the  disease. 

LEAF   SPOT   OF   (CHRYSANTHEMUMS. 

{Septoria  sp.) 

Beach  ^  has  carried  on  a  single  experiment  with  this  disease,  which, 
although  not  entirely  conclusive,  points  strongly  towards  its  control  by 
the  66-gallon  formula  of  Bordeaux  mixture  to  which  enough  soap  was 
added  to  form  suds.  The  dead  leaves  must  be  removed  and  the  green 
parts  kept  covered  with  the  mixture.  Five  or  six  treatments  were 
found  necessary. 

LOOSE    SMUT    OF    WHEAT. 

{(Jstilago  tritici  (Pers.)  Jensen.) 

Kellerman's  ^  experiments  to  test  the  efficacy  of  Bordeaux  mixture 
as  a  seed  treatment  for  this  disease  were  entirely  negative  and  leave 
little  hope  that  it  will  prove  of  value  in  treating  loose  smut  of  wheat. 

STINKING   SMUTS   OF   AVIIEAT. 

{Tilletia  faetens  (B.  and  C.)  Trel.,  and  T.  tritica  (Bjerk.)  Wint.) 

The  experiments  of  Kellerman  and  Swingle^  have  shown  Bordeaux 
mixture  to  be  partially  successful  in  the  treatment  of  seed  wheat  for 
this  disease,  but  the  results  obtained  by  the  use  of  the  Jensen  hot 
water  method  so  far  excel  it  as  to  make  further  mention  of  the  matter 
here  superfluous. 

CORN    SMUT. 

{Ustilago  maydis  Lev.) 

The  experiments^  in  the  prevention  of  this  disease  have  been  entirely 
negative,  as  they  did  not  take  into  account  the  possibility  of  infection 

^  Beach,  S.  A.  Leaf  spot  of  chrysauthemums.  <\Eleveiith  Ann.  Kept.  N.  Y.  State 
Exp.  Sta.,  for  1892,  pp.  557-560. 

^Kellerman,  W.  A.  Test  of  fungicides  to  prevent  loose  smut  of  wheat.  <^Kans. 
Exp.  Sta.  Bull.  No.  22,  Aug.,  1891,  pp.  81-90. 

^Kellerman,  W.  A.,  and  Swingle,  W.  T.  Preliminary  experiments  with  fungicides 
for  stinking  smut  of  wheat.  <^Kans.  Exp.  Sta.  Bull.  No.  12,  Aug.,  1890,  pp.  27-51. 
Second  report  on  fungicides  for  stinking  smut  of  wheat.  <^Kans.  Exp.  Sta.  Bull.  No. 
21,  Aug.,  1891,  pp.  47-72. 

^Kellerman,  W.  A.  Corn  smut.  <Kans.  Exp.  Sta.  Bull.  No.  23,  Aug.,  1891,  pp.  101- 
104. 
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by  the  parasite  of  the  young  meristematic  tissue  offered  by  the  young 
growing  point  of  the  corn  plant  during  its  whole  period  of  growth.  It 
has  been  shown  by  Brefeld  that  the  period  of  susceptibility  of  the 
corn  plant  is  not  confined  to  the  early  stage,  as  it  is  in  case  of  the  smuts 
of  cereals. 

RVSTS    OF    CEKEALS. 

[Puccinia  rubigo-vera  (DC.)  Wint..  P.  coronata  Corda.  and  P.  graminis 

Pers.) 

Several  well-conducted  and  extensive  experiments  have  lately  been 
made  to  ascertain  if  the  rusts  of  cereals  can  be  prevented  by  the  use 
of  Bordeaux  mixture,  and  while  no  remarkable  success  has  attended 
these  attempts,  the  mixture  has  proved  itself  superior  to  many  other 
fungicides  employed.  In  fact  it  has  shown  itself  to  be  the  only  one 
which  to  any  marked  degree  prevents  the  attacks  of  the  parasites. 
The  difficulties  lying  in  the  way  of  the  prevention  of  these  diseases  are 
in  large  part  owing  to  the  peculiar  nature  of  the  host  plants  them- 
selves. The  waxy  cuticle  of  the  leaves  resists  the  wetting  power  of 
ordinary  Bordeaux  mixture,  and  only  after  soap  is  added  to  the  fungi- 
cide is  it  enabled  to  thoroughly  coat  the  parts  exposed  to  the  attacks 
of  the  fungi.  Furthermore,  the  resistant  power  of  the  spores  to  the 
action  of  copper  probably  plays  an  important  part  in  nullifying  the 
results.  Wiithrich^  from  his  laboratory  investigations  has  even  gone 
so  far  as  to  say  that  he  doubts  if  the  copper  compounds  can  ever  be 
employed  as  fungicides  strong  enough  to  obtain  the  same  results  as 
have  been  secured  in  the  treatment  of  the  Peronosporacecc,  He  bases 
his  belief  on  the  remarkably  resistant  power  of  the  uredo  and  tecidia- 
spores  to  a  solution  of  copper  sulphate.  How  far  this  author  was  cor- 
rect in  his  belief  has  been  well  illustrated  by  the  results  of  recent 
experiments.  The  above  statement  is  not  intended,  however,  to  give 
the  impression  that  all  future  experiments  with  copper  prei)arations 
are  likely  to  prove  futile:  in  fact  the  slight  advantages  shown  quite 
clearly  in  the  numerous  experiments  of  Galloway,^  notably  those  car- 
ried on  in  Kansas,  are  in  a  measure  encouraging.  In  these  experiments 
a  very  perceptible  decrease  in  the  amount  of  rust  followed  treatments 
with  Bordeaux  mixture  (22-gallon  formula),  repeated  every  ten  days 
from  the  time  the  young  plants  appeared  above  ground  until  liarvest. 
This  is  especially  noteworthy  as  no  soap  was  employed  in  the  mixture 
and  the  plats  used  were  large  enough  to  give  a  fair  comparison,  and 
requires  an  explanation  before  the  struggle  against  these  parasites  is 


^WUthrich,  E.,  op.  cit.  <Zeit.  f.  Ptlanzeukrank..  Bd.  2.  Heft  2.  pp.  93.94.  The 
author  here  remarks:  '' Mit  Riicksicht  auf  das  iiugleiche  Verhalten  der  letzteren 
Fungiciden  gegeniiber  erscheint  es  als  wahrschemlich,  dass  eine  direkie  BcMmpfung 
der  Rosfkrankheiten  nie  den  Erfolg  liahen  wird.  iciehei  den  Peronosporeen." 

^(inUoioay,  B.  T.  Experiments  iu  the  treatment  of  rusts  affecting  wheat  and  other 
cereals.      <.Jour.  of  Mycol..  Vol.  7.  1893,  p.  214,  table  5,  p.  224. 
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abandoned  along  this  line.  Kellerman's  ^  experiments  witli  wheat  rust 
showed  Bordeaux  mixture  to  be  slightly  beneficial,  while  the  experiments 
of  Hitchcock  and  Oarleton^  on  oats  and  barley  were  entirely  negative, 
and  in  this  respect  similar  to  those  of  Galloway  on  the  same  cereals."' 
The  somewhat  ambiguous  statement  lately  made  by  Cobb'^  that  Bor- 
deaux mixture  has  proAxd  effective  against  rust  of  wheat,  has  led  to  its 
being  misquoted  in  one  of  the  station  bulletins. 

1  Kellerman,  JV.  A.  Spraying  to  prevent  wheat  rnst.  -^Kans.  Exp.  Sta.  Bull.  No. 
22,  Aug.,  1891,  pp.  90-93. 

'^Hitchcock,  A.  S.,  and  Carleton,  M.  A.  Preliminary  report  on  rusts  of  grain. 
<Kans.  Exp.  Sta.  Bull.  No.  38,  Mar.,  1893,  pp.  14. 

3  Galloway,  B.  T.  Joe.  cit,  pp.  212,  213,  225. 

*  Cobh,  N.  A.  Contributions  to  an  economic  knowledge  of  Australian  rusts 
(UredinejB).     <Agr.  Gaz.  N.  S.  Wales,  Vol.  3,  p.  187. 
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